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This  report  includes  abstracts  and  bibliographic  lists  on  major 
contractual  subjects  that  were  completed  in  April,  1972.  The  major 
topics  are:  laser  technology,  effects  of  strong  explosions,  geosciences, 
and  particle  beams.  A  section  on  material  sciences  is  included  as  the 
optional  fifth  topic.  The  abstracted  material  includes  some  selections 
prior  to  1972  that  have  not  otherwise  been  reported. 

To  avoid  duplication  in  reporting,  only  laser  entries  concerning 
high-power  effects  have  been  included,  since  all  current  laser  material 
will  appear  routinely  in  the  quarterly  bibliographies. 

An  index  identifying  source  abbreviations  and  an  author  index  to  the 
abstracts  are  appended. 
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A.  Abstracts 


1.  Laser  Technology 
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Avotin,  S.  S.,  F.  P.  Krivchi  ova,  I.  I.  Papirov, 

P.  1.  Sloyev,  and  V .  i.  Tereshin.  Change  in 
electrical  resistance  of  beryllium  from  laser 
rad  i  ,i  l  i  nn  .  ZhF'l  F,  v.  <>2,  no.”  1 ,  1972,  2HH-293. 

1  ransient  and  long-term  effects  of  laser  irradiation  on  resistivity 
ol  beryllium  are  described.  Tests  were  run  on  0.2  mm  thick  Be  foil 
strips,  exposed  to  pulsed  radiation  from  a  CiQR-lQOM  laser  (not  identifier]  1 
generating  1  millisecond  pulses  at  40  j,  focused  to  a  2.  5  mm  dia.  spot 
on  the  toil  surface.  Resistivity  p  was  measured  during  and  after  exposure 
with  a  constant  1  a  current  passed  through  the  specimen.  Variation  of  p 
during  exposure  is  illustrated  in  Fig.  1,  with  calculated  values  of  local 


Pig.  1.  Resistivity  variation  in  laser- irradiated 
1)0  ryllium. 

temperature  rise  ATef(  also  inc  luded.  A  detailed  examination  shows  three 
distinguishable  stages  in  A  p  (l)  up  to  t ho  700/<4sec  point,  as  indicated  by 
the  curve  form.  In  the  initial  stage  (<  lOO^rs)  a  local  heating  rate  of  about 
10^’  deg / sec  was  c  alculated  to  exist  in  the  impact  region.  It  is  noteworthy 
that  a  full  anneal  back  to  pre-exposure  values  of  p  occurs  when  the  test  is 
done'  in  a  *00<’K  ambient,  whereas  at  77°K,  p  continues  to  increase  for  an 
interval  following  irradiation,  and  after  several  hundred  microseconds 
levels  oft  at  a  value  some  9”*  above  the  original  value.  The  latter  effect  is 
ascribed  to  an  increase  in  structural  defect  density  during  the  high  temperature 
an  no  a’. . 
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Belozerov,  S.  A.  ,  G.  M.  Zverev,  V.  S.  Naumov, 
and  V.  S.  Pashkov.  Destruction  of  transparent 

fiiele-lricS  hy  radiation  frorn  a  mode-locked  laser. 
ZhETF,  v.  62,  no.  1^  1  972 ,  294-299.  ’ 


diele  ‘  COmpa,[ati;'e  ^st  was  made  on  damage  thresholds  in  various 

ti  e  differ/  ^  radiati°n‘  The  niain  P-rpose  was  to  illustrate 

he  difference  in  effect  of  single  pulse  (10  ns)  and  a  t,ain  of  short  pulses 

30  x  4  ns)  from  a  mode-locked  Nd  laser  on  dielectric  breakdown.  The 

test  materials  included  type  K-8  glass,  fused  and  crystal  quartz,  le ucosapphire 

and  ruby  with  and  without  color  centers.  The  test  conditions  and  findings 

generally  duphcate  those  of  Orlov  et  al  (Effects  of  HiEh  Power  Laser. 

ec.  1971,  p.  49).  who  also  advised  on  the  present  experiment.  A  typical 

filamentary  breakdown  in  the  short-pulse  regime  indicated  self-focusing 

evidently  not  thermal,  which  was  not  apparent  in  the  monop, .lee  regime  ’ 

,e  tes  s  verify  that  while  energy  densities  for  threshold  are  of  the  same 

for  !he°lrafn  ,  Z11  dielCctrics  tested-  th-  Pcwer  density  threshold 

r  the  short-pulse  mode  is  typically  several  orders  higher  than  for  the 

a  theSrmTPrSr’  *"1  "V  f°Und  t0  R°  38  hifih  39  1qU  This  suggests 

.  thermal  relief  mechanism  operating  between  pulses  in  the  pulse  train 

case.  Photos  are  also  included  comparing  filament  appearance  of  the  ruby 

with  color  centers  to  that  in  the  remaining  specimens  Y 


Zverev,  G.  M. ,  Ye.  A.  Levchuk,  V.  A.  Pashkov, 
and  Yu.  D.  Poryadin.  Optical  destruction  of  the 
surface  of  lithium  niobate^  ZhETF.  v  6?  ~  1 

1972,  307-312.  ’  ’  ’ 


Anomalous  breakdown  thresholds  of  laser- irradiated  LiNbO, 
are  examined  and  the  types  of  destruction  mechanisms  taking  place  are 
suggested  In  contrast  to  most  dielectrics,  LiNb03  has  both  a  markedly 
lower  breakdown  threshold  at  room  temperature,  as  well  as  a  distinctly 
irregular  change  in  breakdown  level  with  increase  in  ambient  temperature. 
Hus  was  observed  in  radiation  tests  with  a  focused  Q-switched  Nd  glass 
aser  at  .  Otya  on  polished  UNb03  specimens,  in  which  20  ns,  0.1  j  pulses 
were  applied  at  f  15  cm.  Threshold  at  room  temperature  (120  j 

increases  w.th  ambient  temperature  as  seen  in  Fig.  1,  exhibiting  step  jumps 
at  t.ic  Curie  points.  In  contrast,  the  threshold  characteristic  of  LiTa03 
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Fig.  1.  Relative  threshold  intensity  vs 
temperature,  LiNb03. 
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A,  A,  Work presented  l-  il. 

f  ifc  hOM,  u„,\  JC)7A  I 
Highlights  are  given  of  selects*.) 

on  the  title  subject,  held  in  Moscow  duri,  /fT*  *"  ^  27th  Se™inar 
was  chaired  by  Academician  N.  N  RVJ ‘R  F®bruary.  1971.  The 
leading  researchers  in  the  field  from  S  "l  and  attended  by  over  80  r 
articles  deal  with  high-power  LserTn'Ct  ^  of  the 

targets.  C02  lasers  being  most  often  1  ?lth  m*al  and  dielectric 
particle-beam  interactions  arc  JoliZTsT'  T°  *  Cee 

A  paper  by  V,  p.  Veyko  et  ,i 

oxide  films  on  metal*  from  pulsed  hPa<-  dlScussed  the  growth  kinetics  of  ft,- 
f.Im  control.  Experiment,  with  a  c-w  CO  T  h°dS  f°r  “^mining 

ox, He  film  on  chrome  at  1  milli,ec  exn  °2  lasor  bave  yielded  a  40- 50  A 
calculated  value,.  A  ... . .  "* * ■*«".  «  1,  consis,en,  „ith 

mSr  “'*«■  was  a.ao  discus sed,  8Ul'8  by  thb  sa™  author,  on  poly. 

or  dielec, rf;.  ly  ^  ^nation 

P  cal  glass  under  c-w  C02  exposure  p  ’  LSlng  quartz  and  other 
have  developed  an  approximate  mathematic, m  reeU,t,i  lhe  authors 

mass  conservation.  Commenting  on  this  V  '  based  n"  the  law  of 
in  characteristics  between  rn  j  *  u.  N,  Lokhov  noted  the  -i 

sistent  damage  mode  of  metals*  CStrUct,on  of  ^electrics  and  the  self*  ™  n'y 

metals  under  giant  pulse  exposure. 

mniing  tecXP:i  diS—  ~  -  laser 

technique  for  producing  laser-cut  thin  a 

°naDserranp0„I,eelean'vlrCrib<!d  ««P«t.r 

waveforms  showed  m^xim^n  ^  approxi,na°  « V  s i nusTidlT ^ t 

^nri  minimum  for  thf*  '^lr  porization  for  the  triAnoni 

A  A  n  Ior  the  naif- wave  sinusoid  a  -a.  .  triangular  waveform 

•  .  I  Riov,  which  applied  generally  to*th  Critlcism  offered  here  by 

,ta*  a,t,"’tinn  ,e"ris  - ri. 
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whereas  chemico-ther mal  mechanisms  also  play  a  part  and  warrant 
more  detailed  examination. 

Techniques  for  electron  beam  processing  of  materials  are 
mentioned  by  A.  N.  Kabanov,  D.  B.  Zvorykin  et  al,  and  Yu.  D. 
Beiotovskiy  et  al.  These  concerned  nonthermal  beam  processing, 
electron  lithography,  and  beam  deposition  techniques  for  metal  films. 

In  summary.  Dr.  Rykalin  observed  that  advances  in  laser 
tunability  are  needed  to  expand  laser  processing  techniques,  and  that 
more  detailed  study  of  chemico-ther  mal  processes  is  needed  for  both 
laser  and  particle  beam  techniques. 


Liberman,  M.  A.  ,  and  A.  T.  Rakhimov. 
Penetration  of  e-m  waves  into  a  plasma  with 
allmvance  for  nonlinearity^  ZhETF  v  fTi 
no.  3,  1971,  1047-T5^6T  '  ’ 


The  authors  examine  the  structure  of  an  , 

magnetic  field  interacting  with  a  weakly  ionised  pla  ma  To  "fhe “ Tot 
thermalnonequaibrium  in  the  plasma.  It  is  noted  that  Nonlinear  effect 
begin  to  appear  in  such  a  case  at  relatively  weak  field«  in 
the  characteristic  plasma  fielrl  Tk  a-  ^  •  11  cornPanson  to 

“!mr°  ,hef  lncif"'nt  c- field  •■c™uTbl,vJ,ttot ^ZT.2Tae 

r  t  thu 

in  - 

»ome  sample  calculations  are  gw'enVorVhlT effe c^uel"* VpTcVl”^"™"* 
and  beam  parameters.  "  ypicai  plasma 


Norinskiy,  L.  V,  Initiation  of  a  controlled 
breakdown  in  gas  by  third- harmonic  emission  from 
gjjeodjmnum  laser.  IN:  Kvantovaya  elektronika 

muil“,a’  ‘ZtUVO  S°V',sk“>"  Tadlt>.  5, 


by  Akmanov  ch  anzTETF  p,dev!'''8,bno  "“‘l’ws  “  h”'  W°rk 

breakdown  in  gas  was  triggered  *  uL  laser  radiali’;  at 

energy  and  300  density.  The  present  author  has  duplicated  the 

to  obtain  the  c^UdTe^^ 

toeeppnhnt;e:e:rr^i^:rr:;^do^e"^:.^:rn 

s.nce  breekoown  threshold  was  first  exceeded  in  both  cases.  The  result 


,  , "m  *h®  inabilitV  of  the  fundamental  (1  17  *  , 

(2.  3  t  ev)  to  generate  the  controlled  hro  L*  &nd  second  harmonic 

insufficient  photoioniration  levels  Nor^°?"  COnd‘tion  °»ing  to  thei 
were  obtained  with  a  multimode  laser  -d 'J  7"pha"‘zas  ‘hat  his  re 

single-mode  regime  for  better  clarlfLt.on  rapaatad  w»h  a 

ciaritication  of  this  phenomenon, 


AlflJujvfii,  F]  l  Ad  , 

otnoneohe’,,:;  *“■— -1-n 

interaction  orridiaior^th  mlt^Tan"^^"  *’  Presented  fr°™  which  the 
model  assumes  most  types  of  noncoherent ’  app.r”“malaly  described.  The 
scopic  nature,  and  includes  certain  t  *  *  diatl°n  sources  of  macro- 
random  noise  sources  are  however excTdel  a"  radla“°"  a‘  well; 
rad.at.on  interaction  with  a  density  matrix  1  «eneral  expression  defining 
Wh.ch  can  be  treated  as  a  system  J  I  material  elements  is  given 
with  stipulated  or  random  iLtil? *“*”•'«* equation, 
assumed  model  could  be  obtained  by  a  form  , ' ‘*°r°™  solution  for  the 

Kolmogorov  equation;  however  for  ora  r Pm  of  the  Kokker-Planck- 

solution  may  be  had  by  using  only  the  m  f  C.0n8iderations  a  satisfactory 
he  author  illustrates  the  approach  bv  "  V?1Ue  °f  densitV  matrix  elements 
deaor  bi  differences  of  po^aTon  lleTslTt  *  equations  8' 

the  effect  of  radiation  taken  to  be  a  normal  *  *  two“level  system,  under 
mean  The  method  is  tedious,  requiring  com  PT°Ce88  with  ™ro 

f  r limited 

aa  '°"g  as  the  —  -  =S- 

Kaytmazov,  S  D  a  a  a/-  , 

Prokhorov.  Effect  ota  400  if  '  a"d  A‘  M- 

°n  the  D|a----yrrr'-^i21^;a  magnetic  field 

is  studied  *"  ^  *-  controiiing  effect 

—  •  -  cnndiliet  .  m„‘,  evide^  ,TEZ 


I 
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geometry,  namely  (1)  field  pressure  o  ust  exceed  gas  kinetic  pressure 
in  the  plasma,  and  (2)  the  skin  layer  should  not  exceed  spark  radios,  r. 
This  means  that  the  external  field  must  be  sufficiently  great  that  on 
lowering  of  plasma  pressure  to  the  magnetic  pressure  level,  plasma 
temperature  still  remains  high  enough  to  preclude  diffusion  in  the  externa] 
field.  The  corresponding  threshold  for  field  control  in  the  present  case 
was  calculated  to  be  on  the  order  of  300  koe.  Tests  to  corroborate  this 
were  run  at  levels  up  to  500  koe,  using  a  transformer-fed  one-turn  coil 
of  0.  8  cm  dia.  instead  of  the  usual  capacitor  bank.  A  100/tsec  field  pulse 
was  thus  generated,  which  simplified  the  requirement  of  exact  synchro¬ 
nization  of  laser  spark  and  field  pulse.  Tests  were  run  in  ambient  air, 
using  a  neodymium  glass  laser  at  2- -3  j  in  both  giant  pulse  and  spike 
regimes  to  produce  breakdown.  The  comparative  effect  of  the  field  is 
seen  in  Fig.  1,  where  the  spark  is  confined  to  a  cylindrical  form  with 


a 


b 


Fig.  1.  Field  effect  on  laser 
spark.  a,c  -  no  applied  field; 
b  -  field  applied 


a  smooth  boundary.  In  both  laser  regimes  the  field  increased  spark 
axial  length  by  about  1.5  times;  it  follows  that  this  formation  should 
retard  plasma  cooling.  Nominal  spark  parameters  of  r  -  0,  1  cm  and  time 
constant  r  --  3  x  10"~  sec  led  to  the  conclusion  that  the  plasma  temperature 
attained  was  at  least  (■>  x  lO1’  ;eg.  K. 


Afanas'yev,  Yu.  V..  and  V.  B.  Rozanov. 

Spectrum  of  multiply-charged  ions  in  a  laser 

Plasma.  ZhETF,  v.  62,  no.  1,  1972,  247-252. 

A  physical  model  is  proposed  for  the  energy  spectral  form  of 
multiply  ionized  atoms  in  a  laser  plasma.  Based  on  certain  assumptions 
regarding  plasma  diffusion,  the  model  permits  the  development  of  an 
analytical  expression  which  describes  the  desired  ion  energy  distribution. 

The  analysis  demonstrates  that  a  principal  factor  governing  the  energy 
spectrum  for  a  range  of  Z-charged  ions  is  the  recombination  process 
during  the  diffusion  period  following  termination  of  the  laser  pulse.  It 
is  furthermore  shown  that  the  set  of  Z  present  at  the  end  of  the  pulse 
does  not  necessarily  contain  all  Z  values  present  following  this  time.  For 
simplicity  a  spherically  symmetrical  plasma  flare  is  assumed  to  exist 
at  pulse  termination,  expanding  into  a  vacuum  according  to  a  self-similar 
law.  The  energy  spectrum  is  then  derived  as  a  function  of  initial  flare 
density  N0  and  time.  Assuming  values  of  Nq  -  10^/cm^,  temperature 
T  -  100  ev  and  Z*  20,  the  authors  find  a  characteristic  photorecombination 
time  Tpr  a  3  x  10-1°  sec,  which  is  less  than  plasma  diffusion  time,  hence 
the  recombination  effect  can  be  appreciable.  Analogous  experimental 
work  of  Bykovskiy  et  al  is  cited  (ZhTF,  1970,  2578,  and  ZhETF,  v.  60, 

1971,  1306),  but  lack  of  complete  data  from  the  latter  preclude  a  useful 
comparison  of  theory  with  experiment.  A  more  recent  similar  work  of 
Mattioli  is  also  cited  (Plasma  Physics,  v.  13,  1971,  19)  in  which  decay 
of  an  Li  IT  plasma  was  calculated  from  ionization  and  recombination  processes. 


Golant,  V.  Ye.  Wave  penetration  in  plasma 
at  frequencies  near  the  lower  hybrid.  ZhTF, 
no.  12,  1971,  2492-2503. 

Theoretical  considerations  are  presented  for  optimizing  the 
introduction  of  e-m  radiation  into  a  magnetized  plasma.  It  has  been 
shown  that  injection  near  the  lower  hybrid  frequencies  may  be  advantageous 
since  plasma  opacity  to  the  incident  wave  will  be  minimal  here,  to  a  wave 
with  correctly  applied  longitudinal  delay.  The  author  therefore  investigates 
the  transformation  region  for  frequencies  near  the  lower  hybrid,  and 
derives  expressions  for  optimum  energy  transfer  under  these  conditions. 

It  is  assumed  that  the  applied  frequency  lies  well  below  electron  cyclotron 
resonance  and  well  above  ion  cyclotron  resonance.  For  the  case  of  a 
uniform  applied  magnetic  field,  expressions  for  optimal  delay  structure 
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parameters  are  obtained,  assuming  the  idealized  delay  configuration 
of  Fig*  1.  In  some  cases  in  a  uniform  field  the  requirements  on  delay 


2 

x 


Figure  1.  Delay  geometry. 

1  -  delay  element;  2  -  vacuum; 

3  -  plasma. 

parameters  may  become  excessive;  in  that  event  a  nonuniform  external 
field  may  be  applied,  resulting  in  two  transformation  regions  and 
simplifying  the  delay  line  operation. 


Askar'yan,  G.  A.  ,  and  T.  G.  Rakhmanina. 

Scattering, refraction  and  reflection  of  sound 
under  the  action  of  intense  light  on  a  medium. 

ZhETF,  v.  61,  no.  3,  1971,1199-1202. 

An  analytical  discussion  is  given  describing  the  effect  of 
powerful  optical  absorption  in  a  medium  on  acoustic  parameters  of  that 
medium.  Coherent  or  noncoherent  radiation  of  sufficient  intensity  can 
cause  substantial  local  changes  in  acoustical  scattering,  refraction  and 
reflection  owing  to  gas  evolution,  bubble  formation,  etc.  The  case  of  a 
liquid  medium  is  treated  here,  wi*h  bubbles  assumed  to  be  formed  by  beam 
absorption,  as  this  produces  drastic  changes  in  the  cited  acoustical  para¬ 
meters.  An  expression  for  mean  bubble  size  is  derived  as  a  function  of 
breakdown  threshold  and  other  parameters  of  the  liquid  medium.  A  compar¬ 
ison  of  theoretical  scatter  in  bubbles  with  scatter  in  locally  heated  regions, 
at  the  same  per  unit  energy  absorption,  shows  that  the  bubble  scattering 


cross-section  will  ex.ced  that  or  the  heated  regions  by  as  much  as  10U, 
which  indicates  the  predominant  scattering  effect  of  bubble  formations. 

brief  treatment  on  sound  refraction  and  reflection  from  optically  . 
disturbed  regions  is  also  given.  The  discussion  in  general  is  concerned 
with  acoustic  velocities  ranging  from  supersonic  to  hypersonic. 


Yevtushenko,  T.  P.  ,  V.  Kh.  Mkrtchyan,  and  '  C 

G.  V.  Ostrovskaya.  Spectroscopic  studies  of  a 
laser  spark.  IV,  Absorption  spectrum  of  a  spark 
in  hydrogen.  ZhTF,  no.  12,  1971,  2*81  25H9. 

This  is  the  fourth  report  in  a  series  by  the  authors  on  laser 
spark  spectroscopy;  the  previous  article  was  reported  in  Effects  of  High 
Power  Lasers,  Dec.  1971,  p.  7,  on  spark  spectra  in  air,  He  and  Ar.  In 
the  present  tests  the  absorption  spectrum  of  hydrogen  at  6  atm  was  measured 
and  compared  to  the  continuous  spectrum  of  an  air  breakdown.  The 
same  method  was  used  as  in  the  earlier  tests,  as  shown  in  Fig.  1,  using 
two  Nd  glass  lasers  to  generate  the  sparks.  The  lasers  were  identical 


Fig.  1,  Schematic  for  spectral  study  of  a 
laser  spark  in  hydrogen.  Aj,A2  -  monitor  tubes; 
C  -  hydrogen  vessel  at  6  atm;  Fj,  b'2  -  sparks; 

Si ,  S2  -  spectrographs. 


parameter, dZ  'd L  A  ‘“rSe  am°u"‘  °{  Kraphical  data  „„  spark 
analyzed  including  the  ti  ^  iT  8pectral  resPonse,  is  presented  and 
plasma  temp'.r ZrZ  “IT ^  ,?  £? T 7  *- 

pressure  and  density  variatl™  the 


/  * 


Fig'  2.  T,  p,  p(t)  in  the  center  of  a  laser 
spark  in  hydrogen.  1  -  pressure;  2  -  den 
3  -  temperature. 


sity; 


the  authors  discuss  the  accuracy  of  the 
the  cited  spark  parameters. 


spectral  method  for  deducing 


Anisimov.  S.  1..  and  V.  I.  Fisher.  Ioniza(inn 
rotation  and  light  absorption  behind"^,.. 
g£b^ave  injj^rogen.  ZhTF ,  no.  12.  1971* 


sh 

25 


“‘"eHc:ckeM:iyr:,^r,:::r:  ibevhe  effect 

sa:  ^ 

hydrogen,  since  this  avoids  the  complications 
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of  multiple  ionization.  The  ionization  relaxation  zone  in  the  shock  wave 
wake  is  divided  for  analytical  purposes  into  two  regions  with  differing 
mechanisms  of  free  electron  formation:  (1)  a  region  of  "seed  electron" 
formation  from  atom-atom  collisions;  and  (2)  an  electron  avalanche 
region,  with  electrons  freed  predominantly  by  electron-atom  collisions. 

Moot  of  the  optical  absorption,  as  well  as  the  significant  change  in  gas 
state,  occurs  in  region  (2),  which  is  therefore  the  region  mainly  treated 
in  the  paper.  Equations  for  incident  flux  density  and  degree  of  ionization 
are  numerically  integrated,  together  with  equations  for  one-dimensional 
stationary  flow  of  the  gas.  The  calculated  results  of  density  and  tempera  . 
ture  profile,  together  with  ionization  characteristics,  are  shown  to  have 
a  definite  correlation  with  incident  flux  density.  The  authors  emphasize 
that  the  characteristics  of  hydrodynamic  variables  in  such  a  shock  wave, 
i.e.  one  absorb!  ig  an  intense  optical  flux,  will  differ  from  the  corresponding 
parameters  in  the  usual  detonation  wave,  owing  to  the  ionization  relaxation 
region  which  will  exist  in  the  former  case.  Some  graphical  solutions  of 
the  results  are  included. 


I 

I 

I 
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2.  Effects  of  Strong  Explosions 


A.  Abstracts 


Godunov,  S.  K.  ,  A.  A.  Deribas,  I.  D.  Zakharenko, 
and  V.  I.  Mali,  Investigation  of  viscosity  of  metals 
curing  high  velocity  shock.  FCiV,  no.  1,  1971,  135-141. 

This  article  describes  a  study  of  metal  viscosity  during  shock 
from  explosive  welding.  An  experiment  is  described  in  which  steel  plates  were 
welder,  as  shown  in  Fig.  1.  On  detonation  of  explosive  (5),  the  upper  plate  (3) 
is  driven  onto  the  lower  plate  (1),  as  a  result  of  which  the  two  plates  are  welded 
as  shown  in  Fig.  lb.  The  welded  specimen  was  then  cut  along  the  direction  of 


Fig.  1.  Explosive  weld. 

1,3  -  steel  plates;  2  -  slot;  4  -  hole 

(0.  3«w0.  5  mm);  5  -  explosive;  6  -  detonator; 

7  -  wooden  base. 

movement  of  the  contact  point  and  the  cross-section  was  microphotographed 
(Fig.  2).  Horizontal  displacement  z  with  relation  to  the  distance  y  from  the 
interface  was  measured  on  the  photograph.  At  y  >  Aj  (  6  j  -  thickness  of  upper 
plate,  62  -  thickness  of  lower  plate),  the  relationship  between  z  and  y  follows  a 
parabolic  curve,  z  a(y  -  62)2;  while  at  y  <  jj,  »  »  be-ky  -  an  exponential 
curve  (a,  b  constants).  Displacemen  of  impact  points  of  the  plates  with 
relation  to  metal  viscosity  was  investigated  and  was  found  to  be  inversely  pro¬ 
portional  to  viscosity.  Mathematical  expressions  are  derived  for  determining 
stored  impulses  and  the  diffusion  of  horizontal  velocities  in  both  upper  and  lower 
plates.  Using  experimental  data  and  derived  formulas,  viscosity  coefficients 
were  determined  for  Al,  <~u  and  steel  (Table  1).  Viscosity  coefficients  for  Al, 

Cu  and  steely  arc  seen  to  have  an  increasing  order  of  (0.  3M).  8)105p,  (2~  2.  7)105p 
and  <  t~5jl0^p  respectively. 
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Table.  1.  Shock  viscosity  results. 


Podurets,  M.  A.,  G.  V.  Sumakov,  R.  F.  Trunin, 

L.  V.  Popov  and  B.  N.  Moiseyev..  Compression  of 
water  by  strong  shock  waves.  ZhETF,  v.  62,  no.  2, 

1972,  710-712. 

Measurement  of  shock  compressibility  of  water  by  absolute 
methods  is  limited  to  a  maximum  pressure  of  1~2  Mbar.  For  higher  pressures, 
compressibility  can  be  found  only  by  relative  methods,  based  on  a  reliable 
interpolation  of  the  impact  adiabatic  curve  of  a  standard  analog  substance,  which 
Ln  case  of  water  can  be  aluminum.  In  this  article  the  authors  use  the  cited  method 
to  investigate  the  relative  compressibility  of  water  at  pressures  ~14  Mbar.  The 
measurements  were  obtained  by  successive  recording  of  a  shock  wave  propagating 
through  an  aluminum  block  of  thickness  A  =  160  mm  and  a  water  layer  of  thickness 
A  =  80  mm;  wave  velocity  (D)  was  determined  with  an  error  1%.  Parameters 
of  compressibility,  according  to  this  known  wave  velocity,  were  determined  by 
P-tJ  diagrams  (pressure  -  body  velocity  of  the  substance  behind  shock  wave  front). 
Damping  of  the  shock  wave  at  the  interface  between  aluminum  and  water  surfaces 
is  taken  into  account  by  a  small  correction  in  the  calculations.  Initial  parameters 
in  aluminum  are  found  to  be  =  36.  40  km/sec;  UA1  =  25.  55  km/sec;  PAl  =  25.20 
Mbar,  and  for  water  they  are  D  43.95  km/sec,  U  =  32.  42  km/sec,  P  =  14.25 
Mbar,  anti  p  2.815  g/cm3.  Errors  in  determining  the  water  density  are  connected 
with  the  experimental  inaccuracy  in  measuring  the  wave  velocity  in  botl  media, 
and  also  with  the  uncertainty  in  the  standard  adiabatic  curve  for  aluminum;  they 
amount  to  about  Ae/e  »0.  03.  Results  a-e  plotted  in  Fig.  1.  The  figure  includes  a 
curve  calculated  according  to  the  quantum- statistical  Thomas-Fermi  model.  A 
comparison  of  calculated  and  extrapolated  experimental  dynamic  adiabatic  curves 
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Fig*  1.  Shock  adiabats  of  water. 

A  -  authors'  results 

|  -  experimental  adiabats,  other  authors. 


t^n^  8h*°WS  thr6  applicabilitV  of  the  Thomas-Fermi  model  for  determining 
the  parameters  of  compressibility  for  relatively  Hg..t  substances  suchTs  water 
in  the  region  of  very  high  pressures,  P  >  400  Mbar. 


Brudnyy,  V.  N.  ,  V.  P.  Voronkov,  M.  A.  Krivov, 
and  S.  V.  Malyanov.  Effect  of  electron  radiation* 
on  gallium  arsenide  photodiodes.  IVUZ  Fir  ^7T~  l 
1972,  106-107. - 


Results  are  reported  of  an  investigation  on  characteristics  of  c-ilUn™ 
arsenide  photodiodes  after  radiation  by  electrons  with  1.5  MeV  at  300°K  Earner* 
ments  were  done  with  diodes  having  a  base  thickness  of  120  130  a  E  P 

£  a cases  'the  *'"***'  °f  °;  U  1  X  10l5cm‘2’  2.2  x  10l5cm-2  and  3.  3‘ 

Mr 

d."i  r:  rr:mTin„’„en«eidaMns  the,e  offecis  int°  d"°Mt  duri"« 


-20- 


1.  A.  Bogashchenko,  A.  V.  Gurevich,  R.  A. 
Salimov,  Yu,  I,  Eydelman.  Flow  of  a  rarefied 
plasma  around  a  body.  ZhETF,  v.  59,  noTTT 
1970,  1540-1555. 


The  structure  of  the  disturbed  wake  behind  a  disc  around  whi-h 
a  rarefied  plasma  is  flowing  is  studied  in  detail  by  the  Langmuir  probe 
technique.  The  plasma  was  produced  in  a  Q-machine  as  shown  in  Fig.  1. 
Properties  of  the  plasma  flow  are  discussed.  A  characteristic  radial 
distribution  of  quasi-neutral  plasma  is  shown  to  exist,  with  maximal  density 
around  the  system's  axis.  The  distribution  of  ions  in  the  plasma  is  given  by 


□  □□□ 


□  □□□ 


Fig.  1.  Plasma  generator. 

1  -  ionizer;  2  -  anode;  3  -  disc  #1; 

4  -  disc  #2;  5  -  test  probe. 

Maxwell's  function;  the  anode  potential  is  chosen  so  that  the  electron  distri 
velocit*"  lhe  pU,ml  “»  1-  b.  *iven  by  MaxweH  func.Ton  The 

7£Tt  1 ,he  pla,ma  n°w'  sur'a~  p°—ia>  a-«  *  < 

indirlf!  Zl  *  J  measurements  and  their  comparison  with  theory 

icate  the  presence  of  ion  acceleration  in  a  selfconsistent  electric  field  * 

of°heCe'ecTricfleI1dTa:  In  Z  im.mediate  vici"it'r  behl"d  disc  the  effect 
in  lectric  field  on  ion  motion  is  quite  pronounced,  causing  a  noticeable 

ion  concentration  near  the  axis.  The  plasma  wake  has  a  damped  oscillatory 

ofol  !  H18  Sh°Wn  ^  tHe  decrease  of  ionizer  temperature  and  the  increase 

of  plasma  density  will  increase  the  damping,  and  for  T=*  1800OK  thf»  Hi  t  -k  *• 

of  plasma  behind  the  body  assumes  an  afmos't  monotonL^haracter  At  la^e 
distances  from  the  disc,  plasma  disturbance  is  shown  to  be  a  funcMon  of  the 

matZ  of  fh  ‘J1"'5,0”3''-  r°‘e  ln  oscillatit>n  dampinB  is  played  by  the  defer, 
mation  of  the  ion  distribution  function.  The  effect  nf  innin  n*  • 

ion  distribution  function  is  discussed  in  detail.  An  investigation^ oscUlation 

mpmg  shows  that  the  longitudinal  and  transverse  ion  temperatures  gradually 

bod  °U*  "  *  retUU  °f  COlli8ions«  14  «hown  that  the  change  of  sign  of  the  7 

piasma does not the 
structure  of  the  disturbed  wake  behind  the  disc.  However,  a  change  of  sign 

in  the  potential  of  another  body  located  in  the  disturbed  zone  of  the  first  body 

Thertyica  eCtH  tHe  8trUCtUre  °f  thC  Z°ne  in  the  re^"  ^tween  the  bodies  " 
Theoretical  and  experimental  data  are  compared  for  the  axial  and  radial 

plasma  distribution  in  perturbed  regions,  and  the  results  of  the  measurements 
are  found  in  accordance  with  theory.  measurements 
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Shurshalov,  L,  V.  Calculation  of  powerful  underwater 
explosions.  MZhiG,  no.  5,  1971,  36-^C 


A  problem  on  powerful  underwater  explosions  is  solved  by  finite 
-difference  equations,  with  the  introduction  of  an  artificial  viscosity  Q  =  Qj  +  Q2, 
where  Qj  and  Q2  are  linear  and  quadratic  components  of  Q.  In  contrast  to 
relatively  weak  explosions,  a  full  thermodynamic  description  of  the  properties 
of  water  over  a  broad  range  of  pressures,  temperatures  and  densities  is  required 
in  the  present  problem.  A  numerical  solution  is  developed  using  an  equation 
of  state  derived  earlier  by  the  author  (MZhiG,  no.  4,  1967,  184)  to  describe 
the  properties  of  water  at  pressures  over  1,000  atm.  At  a  pressure  below  1,000 
atm,  the  Tait  equation  of  state  was  used. 

A  spherical  envelope  (v  =  3)  containing  a  strongly  heated  compressed 
gas  and  located  in  an  infinite  space  filled  with  water,  with  specific  volume  V2 
at  a  pressure  Pl,  served  as  a  mathematical  model  of  an  underwater  explosive 
charge.  Motion  of  water  and  gas  was  calculated  from  the  time  t  =  0,  when  the 
envelope  disappears  instantaneously.  A  set  of  Lagrangian  equations  of  motion, 
which  included  the  term  Q,  and  equations  of  state  of  detonation  products  and 
water  were  solved  by  the  finite-difference  method.  A  numerical  calculation 
using  the  finite-difference  equations  was  performed  for  explosion  of  a  spherical 
TNT  charge  of  pQ  =  1.  5  g/cm3  at  about  60  m  depth.  Characteristic  values 
selected  were:  p*  =  10*  kg/m2,  V*  =  l0-2  m4/kg  x  sec2f  and  ^  =  rQ>  where 

ro  18  the  initial  radius  of  the  charge.  The  coefficients  C;  and  C2  in  the  expressions 
Ql  =  Cja  AU/V  and  Q2  =  Alr/V  (where  AU  =  U(R  +  AR)-UR,  U,  V,  and  R 
are  dimensionless  velocity,  specific  volume,  and  Euler  coordinate  respectively, 
and  a  is  the  local  sound  velocity)  were  assumed  to  be  Cj  =  0.  5  for  extremely 
powerful  orssO  for  weak  waves  and  C2  =  2.  The  calculated  hydrodynamic  para¬ 
meters  are  plotted  in  Fig.  1-3,  whore  r=  t/t*.  dashed  lines  describe  variations 
of  the  shock  wave  parameters,  and  Rj  =  1  corresponds  to  the  boundary  of  a  gas 
bubble.  The  dots  and  circles  represent  the  data  calculated  with  a  time  step 
twice  (dots)  and  one  half  (circles)  that  used  in  calculation  of  data  represented  by 
ti  »  curvet).  Comparative  analysis  shows  that  the  calculations  are  satisfactorily 
accurate.  The  flow  parameters  were  also  calculated  for  dispersion  in  water  of 
a  spherical  (v  =  3),  cylindrical  (v  =  2),  or  a  plane-parallel  (v  =  1)  volume  of  a 

compressed  gas  whose  initial  parameters  were  P„  =  5  x  10  ,  V_  =  0.49,  and  U  =  0. 

o  8  *  9  E 
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Fig.  1.  Pressure  versus 
Lagrangian  coordinate  Rj. 


Fig.  2.  Velocity  versus 
Rl. 


Fig.  3.  Density  versus  Rj. 


In  tig.  4,  calculated  pressure, 
front  are  plotted  as  continuous, 


velocity,  and  density  drop  at  the  shock  wave 
dashed,  and  dot-dash  lines. 
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Fig.  4.  Shock  wave 
versus  time  r  for  v  - 


parameters  in  water 
2,  and  3. 


Abramova,  K.  B.  ,  V.  P.  Valitskiy,  N.  A  ziatln 
giner^Il^’  Ma ‘‘  ^  Pukl“"“>-  Radiation  ’ 

on  the  magnetohyd roTyna 011^0"  origin ^rarlUti'on^  emitt  d^8"6''  lo  test  hypotheses 

deformation  and  rupture  of  metals  The  na  emitte^  by  rapid  mechanical 
impact  velocity  Vasl.000  m/sec  and  in  the?  u  ^  ^  fCase  c°n9idered  was  for  an 
the  3,000  -  8  200  A  n  tbe  absence  of  an  electric  field  RaHiaf 

v  ^uu  A  range  was  not  reliablv  detentori  i  ,•  .  **  radiation  in 

of  rupture  of  Cu,  Al,  Mo,  and  Bi  samolesl  .  tected  ln  Preliminary  measurements 
V  -  7  m/sec.  Other  testi  at  V  up  to  1  200  nV/""  te8ting  machine  a‘ 

contactless"  rupture  of  a  sample  m  ,’ena  f./86C  °nC  by  the  technique  of 

and  (3)  as  shown  in  Fig  la  Pressi  P  108  tW°  cyllndrical  chambers  (2) 
and  at  10-3  .  l0-2  *  1  l»  <*> 

surface  (1)  which  closes  chamber  (3  was  init.atedh"  °r,  JUplUre  of  ,he  side 

impactor  (4).  Radiation  in  the  3  000  8  200  I  bV  a  1  5  ^m  dia  copper 

multiplier  (6)  through  window  (7)'  A  ’  ' J /ange  Was  record®d  by  a  photo- 

was  determined  fron^  X- ray Tb'adow' p, 2^2^  "V  ^  100 

pnoiographs  taken  at  regular  intervals. 
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Fig.  1.  Experimental  configurations. 

Rupture  of  the  rear  surface  was  accomplished  in  112/isec.  At  a  1200  m/sec 
impact  velocity,  oscilloscope  signal  traces  from  the  photomultiplier  show 
2-2.  5  msec  pulses  with  several  characteristic  peaks.  Pulse  intensity  from  a 
ruptured  copper  surface  was  3-8  times  that  from  a  deformed  surface  without 
any  visible  rupture.  The  radiation  pulses  were  recorded  with  27  and  33  mm 
thick  samples,  in  one  control  experiment,  a  50  mm  thick  sample  was  not  deformed 
and  no  radiation  was  detected.  A  special  control  experiment  was  set  up  involving 
exclusion  of  triboluminescence  of  the  oxide  film.  In  this  experiment,  a  supposedly 
oxide-free  copper  surface  formed  on  the  rear  face  of  a  27  mm  thick  sample  by 
a  previous  impact  was  reimpacted  2-3  min  after  the  first  impact.  A  light  pulse 
of  the  same  intensity,  but  shorter  than  the  first  one,  was  recorded  in  this 
experiment.  In  both  experiments,  radiation  from  collision  or  friction  of  the 
sample  with  the  small  chamber  walls  did  not  interfere  with  the  recordings, 
because  the  colliding  and  friction  parts  were  shielded  from  the  photomultiplier. 
Residual  gas  interference  in  the  shock  wave  front  was  also  excluded,  since  a  shock 
wave  could  not  develop  at  subsonic  deformation  velocities.  No  trace  of  crack 
edge  melting  was  detected  on  the  photographs,  indicating  that  thermal  radiation 
vas  recorded.  Analogous  results  were  obtained  in  experiments  with  duralumin. 
Final  proof  of  radiation  emission  from  the  part  of  the  sample  in  the  process  of 
deformation  and  rupture  was  obtained  by  photographing  the  self- radiation  of  a 
luminescent  crack  in  copper  using  an  image  converter  (Fig.  lb).  The  radiation 
contour  in  the  photograph  coincides  closely  with  the  crack  contour. 


It  is  concluded  that  the  experimentally  observed  radiation  is  emitted 
by  deformation  and  rupture  of  the  metal.  This  radiation  exhibits  the  principal 
characteristics  of  luminescence,  i.  e.  it  exceeds  thermal  radiation  at  a  given 
temperature,  and  its  lifetime  exceeds  significantly  the  period  of  a  light  wave. 
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Vakatov,  V.  P.  ,  A.  B. 
and  B.  K,  Tkachenko, 
shock  tube.  ZhPS,  v. 


Karasev,  V.  P.  Malyavin, 

Studies  on  an  electrical  discharge 
15,  no.  6,  1971,  989-992. 


and  v*r,v,  A  3phragm  type  Metrically  discharged  shock  tube  is  described 
and  various  data  on  It.  operation  are  discussed.  The  configuration  , Fig.  1, 


Fig.  1.  Discharge  tube. 

1  -  main  lube;  2  -  reflected  shock 
wave;  3  -  knife  edge;  4  -  diaphragms; 
5,  6  -  optical  filters;  7,8  -  phototube. 


was  a  4m  x  50  mm  dia  main  tube  and  a  .10  x  200  mm  discharge  chamber  lined 

ioiio^rdU^ 

gas  pressure  (He)  up  to  600  bar  from  an  initial  5-20  bar  level  Data  m  -lude 
the  loss  rate  of  the  insulating  liner  as  a  function  of  discharge  parameters-  rates 
or  vinyl  and  textolite  liner,  were  found  to  vary  monotonically  with  dieche'ree 

■  rrf''  G™Phical  "“>*■  »«  .1.0  given  fo/sho  k  wave  velocity 
and  liner  loss  rate  for  tests  in  which  water  and  teflon  were  the  insulators-  snecLl 

tTbeTu.eful '  onPe'afoTa  hen,h“l0n  W*re  a‘8°  made'  Th'  technl<lu';  >■  concluded 
o  be  a  useful  one  foi  shock  excitation  of  gases  in  the  10  --20,000°K  range. 
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Simonov,  V.  A.  On  processes  originating  during 
the  falling  of  an  impact  wave  on  a  tapered  cavity. 
FGiV ,  no.  2,  1971,  280-284. 


Results  are  described  of  experimental  investigations  on  processes 
arising  from  an  impact  wave  of  subsonic  velocity  on  the  tip  of  a  tapered  cavity 
in  metals,  and  a  study  is  made  of  the  stability  of  the  flat  cumulation  jet  which 
is  produced.  Experiments  were  conducted  with  aluminum,  copper  and  steel, 
the  arrangement  for  which  is  shown  in  Fig.  1.  The  cylindrical  explosive  charge 
of  diameter  40  cm  and  height  10-15  mm  consisted  of  type  TG  50/50  compound. 
Detonation  of  the  charge  was  synchronized  with  photographic  instruments  to 
obtain  a  true  picture  of  the  detonation  processes;  the  range  of  angle  7(Fig.  1) 
was  varied  from  0.  5°  to  32°. 


Fig.  1.  Experimental  sketch. 

1  -  metallic  specimen;  2  -  explosive  charge 
with  flat  wave  regenerator;  3  -  detonator; 

4  -  metallic  plate  of  given  thickness. 

Experiments  with  aluminum  specimens  showed  that  a  flat  cumulation 
metallic  jet  was  formed  during  the  normal  interaction  of  the  impact  wave  on  a 
tapered  cavity  with  an  angle  2  y  =  30°.  With  decrease  of  y ,  jet  formation  disappears, 
that  is,  a  regime  of  collapsing  without  jet  formation  occurs,  characterized  by 
a  periodic  deformation  very  similar  to  wave  formation  during  explosion  welding. 

The  length  of  this  wave  was  found  to  vary  with  change  in  angle  y.  At  7=  1.  5°, 
wavelength  X  was  1.  5  mm;  at  y  =  6.  5°,  \  =  5.  5  mm.  In  the  range  7.6°~8°,  both 
wave  and  jet  regimes  were  found  to  exist  simultaneously.  At  7  £  8°,  only  the 
jet  regime  existed,  and  at  7=15°,  this  jet  was  capable  of  piercing  through  a 
duralumin  plate  of  10  mm  thickness. 
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similar  process  to  that  wi th^Al ! "I thTt H  ° *  Samples  sh°wed  a  very 
was  noted  bet  the  same  interval  of  angle"1' y^o  t0  jet  re*iniC 

sample  with  respect  to  ,is  given  helot.  Incll  g  , 


£ _ l _ i_ 

>■.  Mm  |  i 


fl.A  4  j 


J--'  5  il.A  Ji 


increase* the  w^etengti,5  Tt"il  nmed^  3  further  iicrease  in  angle  does  not 
affect  the  ang.e  of  t,.^H“  XT*”?  d‘"'m"»‘nr  '»  no, 

directed  along  the  bisector  of  angle  2  ,™^"')  a"d  'ha'  lhej<!t  h’Tmed 

»ave  to  jet  ccgimeukeTpIaTe6^  ^3^1  betmPleS  Sh°We''  ,ha'  ,ra"»ition  of 

an  lnterval  between  angles  y  -  40^50. 

materials,  but  ^^Uk^ZometT^T^l  '“T  S,a"'ples  °f  diff'r«"> 
jet  regime  was  noted  to  increase  Vpr,  ’•  ngle  °f  transition  from  wave  to 

and  the  other  copper,  the  jet  regime  L^oteT*',''-  7^"  °"e  Cube  W3S  «‘anium 
jet  was  inclined  from  the  symmetrical  ,  ly  at  angles  >>20°;  and  the 
density,  in  this  case  copper.  Inwards  the  metal  having  a  heavier 

et  al  (Mekhan?k:.at:;„Tprre™Z,:a^rn2°Lh;a  m‘:!Vith  th0Se  °f  Wa-*' 

^p^~d*k,  '£.*£2 

taking  into  consideration  thl  e«ect,  /“  co'miL' ,  2  T  ’  34°'  -specie, y. 

“  d*P'"d°  *«*  ii„.eCo„manggle10v:  <U  »*-  a»icle, 

to  V  pish  et  al,  impact  of  solid  bodies  without  fet  7  *  ^  particles)*  According 

possible,  and  it  was  established  that  jet  for  matin  °rmatl°n  has  bee"  Proven 
of  two  impact  waves  at  the  point  of  contact  r  T  Cann0t  take  place  in  Presence 
points  ou<  that  a  stationary  impact  wave  cannot  present  article,  the  author 
angle  y  as  the  falling  impact  wavei  at  subso  "  V*  P°int  °f  COntact  at  any 
automatically  occurs.  However,  in  spite  of the S°  that  the  Jet  formation 
still  agrees  with  the  possibility  of  the  process  *  dlScrepancie«»  the  author 

but  with  generation  of  deformations  in  the  form  °CCUrring  without  formation. 

He  points  out  that  in  such  a  case  fnr  «  ,  •  .  f  waves  on  the  collapsing  surface 

from  jet  to  wave  regime,  it  is  ne’cessarTto^lk6  ^  phenomenon  o{  transition 
related  to  the  model  of  an  ideal  fluid  Y  * k®  Int°  accuunt  other  criteria 
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Kozlov,  V.  I.,  and  Yu.  G.  Shafer.  On  a  possible 
mechanism  for  the  localization  of  fission  products 
from  a  high-altitude  nuclear  explosion.  Kosmicheskiye 
issledovaniya,  no.  4,  1971,  630-631. 

Recorded  particle  data  on  the  Cosmos  3,  5  and  6  satellites 
following  the  U.  S.  Starfish  high-altitude  detonation  in  July,  1962  showed  a 
concentration  of  fission  products  at  the  conjugate  point  to  Johnson  Island. 

This  concentration  was  detected  at  high  altitudes  and  persisted  for  an  appreciable 
length  of  time.  In  the  present  paper  the  authors  use  the  Starfish  results  for  a 
model  with  which  they  analyze  the  type  of  trapped  particles,  their  transport 
characteristics,  and  the  geometry  of  the  trap  region  at  the  conjugate  point. 

A  magnetic-gravitational  trap  is  postulated  in  the  conjugate  point 
region  which  will  act  as  a  potential  well  for  the  heavier  charged  particles.  At 
some  radial  distance  rQ  from  earth  center  the  combination  of  gravity  and  repulsion 
potentials  will  have  a  minimum,  which  determines  the  depth  of  the  potential 
well;  in  the  proposed  model  this  is  shown  to  be  E  ±  =  mg  r/3,  where  m  =  ion 
mass.  Assuming  particles  with  atomic  weight  of  100  and  an  altitude  of  400  km, 
we  find  that  a  30  ev,  i.  e.  ,  the  portion  of  the  dispersing  cloud  of  fission 
products  having  energies  on  the  order  of  30  ev  will  be  trapped  at  the  400  km  level. 
This  level  is  consistent  with  the  values  obtained  by  Neff  et  al  [1]  and  Colgate  P1 
at  the  conjugate  point. 

The  arrival  time  of  the  major  portion  of  charged  particles  is  generally 
a  function  of  plasma  dispersion  in  the  geomagnetic  disruption  at  the  detonation 
point;  Askar'yan  [3]  gives  the  velocity  as  on  the  order  of  10^  cin/sec  for  the 
Starfish  test,  which  for  a  force  line  length  of  about  4  x  10^  cm  yields  an  arrival 
time  of  40  seconds. 

The  authors  next  examine  the  factors  determining  the  duration  of  the 
trap  region.  As  the  analysis  shows,  the  size  of  the  well  is  a  direct  function  of 
particle  charge,  hence  the  well  assumes  a  "funnel"  configuration  according  to 
trapped  charge  level.  The  confinement  time  is  given  approximately  by 


Tc  -  0.785  x  r.  in  Bmax  , 

B 

where  F  ^  is  mean  ion  relaxation  time  and  B  is  magnetic  inductance,  on  the 
assumption  that  the  main  loss  mechanism  is  coulomb  scattering  in  the  funnel  region. 
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.  '  “ir  ,  ,  n‘P!rfUUre  ',‘5tribu'i°"  of  atmospheric  ion,  l,  assumed.  than 

UH  lh,  ,.  r"5  ,,cn5nd'r  lhC  a,”umt"1  •'“omic  and  ionization  level 

that  th  range  of  l02._  l05  sec  in  ,he  250..1000  km  altilude  ranBe.  TM,  , 

t  the  cone  region  ,a  sustained  by  continuouo  replenishment  of  particlee  from 
tne  upper  energy  regions. 


Finally,  it  is  concluded  that  dissipation 
to  drift  of  trapped  particles  is  negligible  (0.2  -  0.  5 
corroborated  by  experimental  evidence  that  the  trap 
P  and  y  radiation  source  for  a  substantia!  period. 


of  the  funnel  region  owing 
deg/day),  which  wap 
region  acted  as  a  compact 
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This  equipment  was  used  to  transmit  iVal-time  data  on  radiation 
intensity  levels  from  orbital  regions  over  the  USSR,  Mongolia  and  China,  around 
the  time  of  the  detonation.  For  the  purpose  of  illustration  the  authors.  have  chosen 
the  intensity  data  from  orbits  lying  below  the  regions  of  stable  capture  of  near-earl 
radiation.  This  data  is  presented  graphically  according  to  satellite  trajectory 
as  shown  in  Figs.  1-3,  giving  increase  in  count  rate  N  over  that  of  a  "quiet"  day, 
i.e.  ,  December  18  and  19,  1968. 

The  data  show  that  the  shielded  single  counter  (SSC)  in  the  Cosmos-259 
recorded  during  two  minutes  an -80%  increased  intensity  in  its  196th  orbit,  i.e., 
about  10  hours  after  the  explosion;  this  recording  was  made  at  an  altitude  of 
about  700  km  over  the  Mongolian  Peoples  Republic  in  an  area  whose  coordinates 
were  43-45°N,  Lat.  (geographic)  and  100-110°E.  Long.  The  counting  rate  of 
the  triple-coincidence  telescope  increased  at  the  same  time.  Twenty-four  hours 
after  the  explosion,  over  approximately  the  same  territory  in  the  209th  and  210th 
orbits  above  the  eastern  territory  of  China,  the  satellites  noted  an  increase  of 
intensity  (AN/N)SSC  =  20  and  60%.  (AN/N)STS  =  50  and  40%,  respectively.  In 
the  211th  orbit,  the  counting  rate  increments  of  the  single  shield  d  counter 
reached  1,5-2  pulses  per  second,  which  amounts  to  30-40%  over  background. 

On  December  27  in  the  196th  orbit,  beginning  with  2113-2117  hours, 
the  external  SSVS  counter  rates  increased  by  a  factor  of  2-8;  a  maximal  increase 
by  a  factor  of  10  was  noted  at  2115  hours  30  seconds.  Subsequently  the  count 
rate  began  to  fall  off  and  at  2118  hours  only  background  oscillation  was  recorded. 

In  the  197th  orbit,  the  count  rate  increased  by  a  factor  of  2-2.  5.  On  December 
28  in  the  209th  orbit,  the  satellite  recorded  only  the  cosmic  ray  background  while 
in  the  210th  orbit,  whose  trajectory  is  near  the  1 96th  orbit,  in  a  real-time 
transmission  regime,  the  count  rate  increased  by  a  factor  of  1.5-2.  The  maximum 
"excess"  of  the  count  rate  in  the  211th  orbit,  whose  trajectory  almost  coincided 
with  the  197th  orbit,  reached  100%, 

Analogous  results  are  reported  for  the  Cosmos-262  count  rate,  e.  g.  , 
262's  counters  registered  a  doubled  intensity  23  hours  after  the  explosion;  the 
recording  was  also  made  over  the  Mongolian  Peoples  Republic  in  an  area  whose 
coordinates  were  48-47°N.  Lat.  and  95-105°E.  Long.  ,  at  an  altitude  of  270  km. 

It  is  noteworthy  that  no  increase  in  radiation  intensity  was  recorded 
when  the  Cosmos-259  satellite  passed  in  its  209th  orbit  over  the  magnetic 
conjugate  of  the  Chinese  explosion  point,  which  is  to  be  expected  in  low  al'itude 
explosions.  Consequently,  there  was  no  direct  ejection  of  explosion  products 
into  the  force  tube.  A  further  theoretical  analysis  is  given  to  define  the  absorption 
mechanism  taking  place  in  the  vicinity  of  the  detonation  point;  the  fact  that 
neither  Cosmos  satellite  intercepted  fission  fragments  is  taken  as  evidence  of 
strong  atmospheric  absorption,  and  on  this  basis  it  is  concluded  that  detonation 
occurred  at  not  over  20  km  altitude. 
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The  level  of  protons  above  190  MeV  registered  by  the  STS  counters 
suggests  that  there  may  have  been  some  release  of  thim  from  the  radiation 
ftelts  owing  to  the  disturbing  effect  of  the  Chinese  detonation.  Using  calculations 
rom  the  U.  S.  Starfish  test,  the  authors  verify  this  mechanism  as  a  possible 
additional  result  of  the  test. 
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nuclear  explosion  according  to  data  of  the  single  shielded  counter 
(SSC).  I  —  29th  orbit,  12-28-1968,  Kosmos-262;  II  —  211th 
orbit,  12-18-1968,  Kosmos-259;  III  —  196th  orbit,  12-27-1968, 

Kosmos-259;  IV  —  210th  orbit,  12-28-1968,  Kosmos-259;  V _ 

209th  orbit,  12-28-1968,  Kosmos-259. 


I 
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Alimov,  V.  A,  Effect  of  strong  radiowaves  on  the 
ionosphere.  Geomagnetizm  i  aeronomiya,  no.  2, 
1972,  346-348. 


The  author  proposes  possible  mechanisms  for  increasing  (or  decreasing) 
electron  density  in  a  localized  region  of  the  ionosphere  by  means  of  a  powerful 
r-f  beam,  and  shows  the  considerable  effect  that  such  a  beam  may  have  on  the 
nonuniform  composition  of  the  affected  region.  The  analysis  gives  examples  of 
the  effects  obtainable  in  terms  of  the  D,  E  and  F  layers. 


As  is  known,  raising  the  electron  temperature  in  a  plasma  may  result 
in  a  drop  in  electron  density  N  owing  to  ejection  of  plasma  from  the  heated  region, 
or  alternatively  N  may  increase  owing  to  an  upset  o^  the  ion  recombination  balance. 
In  the  first  case  N  is  established  over  a  time  t£j<N.ro/D[,  where  rQ  is  the  distance 
over  which  the  excitation  wave  amplitule  changes  significantly  [sic],  and  D[  is 
the  ion  diffusion  coefficient.  In  the  second  case,  N  is  determined  by  the  lifetime 
of  a  free  electron,  te  —  (  a  Nn)"*,  where  or'  is  the  effective  coefficient  of  electron 
recombination  and  N0  =  original  unexcited  density. 


Therefore,  for  t^<  te  the  plasma  ejection  process  is  dominant, 
for  the  upper  portion  of  the  F-layer,  whc-e 


e.  g. 


v  v  [I  i  (/'(!•  I  //:,)  I 


(1) 


in  which  E  =  amplitude  of  the  excitation  wave  and  Ep  =  plasma  field,  as  defined 
by  Gurevich[l],  "Gonversely,  when  te  <  tj)  the  recombination  process  dominates, 
as  in  the  lower  ionosphere  where 

V  V  f I  I  (/TO  (2) 


Using  standard  parameters  for  the  F-layer  and  assuming  rQ  <  300  km, 
Alimov  shows  that  Eq.  (1)  applies;  for  the  E-layer  at  rD>  0.  1--1  km,  Eq.  (2) 
would  apply.  In  the  latter  case  it  must  be  emphasized  that  (2)  is  valid  only  for 
a  concrete  relation  of  a1  to  electron  temperature  Te.  This  applies  in  the  E-layer, 
but  at  present  it  is  not  possible  to  assert  a  definite  a'  (Te)  for  the  D-layer. 

A  brief  consideration  of  the  effect  of  ionospheric  drift  on  excitation 
lifetime  shows  that  drift  effect  is  negligible  on  the  steady-state  component  of  the 
excited  region,  providing  the  excitation  rate  is  sufficiently  larger  than  normal 
decay.  This  is  the  case,  for  example,  in  the  E-  and  F-layers  for  rD  >  7  km. 
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and  in  the  F-layer  will  decrease  by 


<  '  (W.)V[!  !  (/(.•)  /!■:,.)•] 


(3) 


(4) 


th-  8h“-™  -  -  • or  r-t  fuld, 


(5) 


ph^e' fluctuation Vn  the  layer u.l rl  1°**?*  ?-?  mea"  8^are 

r-f  through  the  ^  o'. 

graphical  solutions  from  (3)  (4)  and°/J  u  •  *  o’  ‘he  author  obtains 

turbidity.  These  are  given  in  Flo  1  ? ’  ®h°^lng  the  effect  of  applied  field  on 

and  ahow  the  con.id.rable  .(fact  of  incwVn^Md^ ,?*  r"">'cti''"r- 

nr  r  1  lield-  Thls  appears  particularly 


<• 


Fig.  1.  Turbidity  factor  variation  with 
applied  field  for  E-layer  (a)  and  F-layer  (b). 


sufficient  transmitfed  power'^'dlng"  rlU’  redUCed  S‘ 
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3.  Geosciences 


A.  Abstracts 

Lukk,  A.  A.  Seismic -wave  attenuation  in  the  focal 
r e gion  of  deep-seated  Pamir-Min du  Kush  earthquakes . 

IN:  AN  SSSR.  Institut  fiziki  Zeinli..  Eksperimental'naya 
seysniologiya  (Experimental  seismology).  Mo  kva, 
lzd-vo  Nauka,  1971,  87-97. 

It  is  hypothesized  that  the  elastic  properties  of  the  medium  within 
the  hypocentral  region  of  Hindu  Kush  earthquakes  differ  from  those  within 
the  surrounding  region. 

The  attenuation  of  the  maximum  amplitude  of  compres s ional  and 
shear  waves  for  both  regions  has  been  studied. 

Observational  data  on  200  deep  focus  Hindu  Kush  earthquakes 
(energy  class  K  =  10-15,  recorded  in  1965-1906  by  25  seismograph 
stations)  were  analyzed.  Six  of  the  25  stations  were  located  in  the 
epicentral  region,  and  recordings  were  made  with  a  standard  system 
consisting  of  an  SKM-3  seismograph  having  a  natural  oscillation  period 
of  1.5  -  2.0  sec  and  a  GB-IV  galvanometer  with  a  natural  frequency  of 
5-7  Hz.  The  pass  band  of  the  system  corresponds  to  the  period  range 
0.05-1  and  5  -  20  sec,  with  average  magnification  of  40-50000. 

Amplitude  distance  curves  (maximum  amplitude  and  epicentral 
distance)  for  seven  groups  of  earthquakes  with  focal  depths  H  =  50, 

70  -  90,  100  -  120,  130  -  160,  170  -  180,  200  -  220,  230  -  270  km  were 
derived.  A  large  dispersion  of  amplitudes  (0.  7-0.  8)in  the  epicentral 
distance  ranges  was  found.  The  amplitude  distance  curves  consist  of 
two  branches  (one  lower  and  steeper  for  short  distances  and  another 
for  long  epicentral  distances)  which  correspond  to  hypocentral  and 
surrounding  regions.  This  characteristic  was  explained  as  being  due 
to  considerably  stronger  attenuation  of  seismic  waves  in  the  hypocentral 
rather  than  in  the  surrounding  regions.  In  order  to  verify  this  con¬ 
clusion,  the  amplitude  distance  curves  for  seismic  waves  recorded  by 
three  seismograph  stations  located  in  the  epicentral  region  were  con¬ 
structed.  The  average  curves  obtained  are  very  similar  to  the  first 
branch  of  the  original  amplitude  distance  curves. 
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Variation  of  the  spectra  of  elastic  oscillations  with  epicentral 
distance  and  depth  of  source  have  been  considered  in  order  to  study  the 
effect  of  high  absorption  of  seismic  energy  in  the  hypocentral  region. 

It  was  found  that  the  high  frequency  components  disappear  proportionally 
with  the  wave  propagation  path  through  the  hypocentral  region  and  the 
deepening  of  the  source. 

Another  verification  of  the  hypothesis  was  provided  by  the  analysis 
of  data  on  20  distant  earthquakes  with  different  epicentral  azimuths 
(the  Alaska,  Japan,  Indonesia,  Mediter ranean  Sea  epicentral  regions) , 
and  all  earthquakes  were  normalized  by  energy. 

It  is  concluded  that  the  Pamir -Hi  ndu  Kush  hypocentral  regi<  n 
creates  a  "shadow"  effect.  If  the  seismic  wave  propagation  path  crosses 
the  hypocentral  region,  a  decrease  in  its  amplitude  by  a  factor  of  2.  5 
occurs. 


An  evaluation  of  the  magnitude  of  attenuation  of  maximum  ampli¬ 
tude  of  elastic  oscillations  in  hypocentral  regions  has  been  made.  This 
attenuation  is  expressed  in  the  form  A  =  AQ(rQ/r)n  ,  where  A  is  the  ampli¬ 
tude  of  dislocation  of  hypocentral  distance  r,  Aq  is  the  amplitude  of  dis¬ 
location  at  the  boundary  of  the  focus,  n'  is  the  attenuation  lactor.  The 
dependence  of  factor  n1  on  focal  depth  as  well  as  epicentral  distance 
was  evaluated.  It  was  found  that  n'  varies  with  depth,  reaching  Us 
maximum  at  80  -  150  km,  where  n'p  =  2.  9  ^  0.  1  and  n's  =  2.  6  -  0.  2 
and  its  minimum  at  depths  exceeding  150  km,  where  n'  =2.2  -  0.  1  and 

n's  -  1.7  t  0.  1.  It  is  noted  that  n's  does  not  vary  with  epicentral 
distances,  i.  e.  ,  n's  =  2.  9  -  0.  2,  while  n'p  =  3.  2  -  0.  2  for  a  50-80  km 
source  depth  and  n'  =  3,  6  -  0.  2  for  a  150-250  km  s  ource  depth  across 
a  hypocentral  region. 

Separate  evaluation  of  attenuation  due  to  absorption  of  seismic 

energy  has  been  accomplished  from  ihe  formula  A  =  Aglrg/rJ^e  > 

where  «  is  the  absorption  coefficient.  Assuming  n  1,  it  was  found 

that  in  the  interval  50-250  km,  the  attenuation  coefficients  for  compres s ional 

and  shear  waves  are  a_~  0.  010  -  0.  002  km  ^  and  «  ~  0.  0060  -  0.  0005  km 

P  o 

It  is  suggested  that  the  effect  of  anomalous  attenuation  of  elastic  waves  in 
the  hypocentral  region  of  deep  earthquakes  could  be  characteristic  of  a 
region  of  high  seismicity  in  the  dearth's  crust  and  upper  mantle,  and  that 
this  effect  could  be  one  of  the  criteria  for  correlating  the  seismicity  of 
different  regions. 
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2£iiiiajTism^^the\he^r'^>7'7~— ~ *  *0 

IN-'^rs3sR. 

■ogiya  (Experimental  -  Sporlmonlai'naya  seysmo- 
Izd-vo  Nauka,  m" M°Sk™‘ 

A  study  or  torces  actm,.  a,  n,„  , 

accomplished  using  a  seismic  model  alalo*  earlhliuak';“  has  been 
The  mechanism  or  the  rau!ti„g  (dislocationf  a  SelSmic  f'acture. 

directly  at  the  iracture.  The  two  dim  pr°«ss  was  observed 
a  3-mm-thick  plexiglass  plate  1 1  a  *  "3,"“  »*•  made  with 

'7Ser  ».de  or  the  plale  there  was  a  slot  5T'  midpoint  °1  the 

which  represented  one  side  or  seismic  r,  »  '  W"'C  and  37  cm  deep 

plates  of  different  material  trail  rin  tUre*  Individual  40  x  3-mm 
or  the  rracture  were  placed  imo  he  *  and 'ePreSemin8  ‘he  other  s.de 
and  tangetial  P,  rorces.  In  Fleur.  I  ,  exposed  >»  the  normal  F 

“d  ‘he  °£  ‘he  obser^t"  sh^8'am  °f  ”«<•* 


model  fCh:maliC  °£  l,“  Irac.ure 

medium-  2  "‘K°"e"',s  two-dimensional 

medium,  2  -  niovmg  block;  3  -  rraclur.- 

4  -  observation  points-  IV  .  ’ 

30  &  40  -  circuit  f  ,  V  ‘  radlai  Pr°files; 
tkj  circular  profiler  •  p  ^ 

and  tangential  forces.  n>  1  norrr»al 

v.ded  simultaneous ^bserva'tions^r'wa  8PCCia“)'  des‘ehcd  unit  which  pro- 

2-300  kHz  irequency  range, “ ''pr“c—  at  5  points  m  .J™ 
n  at  the  focus.  The  experimental  te  -h^  Parame,er  for  the  force  condi- 
pattern  and  mechanism  of  fan,,  in*  arc  de scribed!^  ‘°  ^  radiati‘  « 
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An  analysis  of  the  characteristics  of  the  radiation  pattern 
(see  Fig.  2  )  was  performed  by  comparing  it  with  a  point  source  pattern. 

It  is  shown  that  the  source  yielding  the  best  agreement  with  model  results 

is  a  superposition  of  a  double  dipole  without  moment  and  a  concentrated 
(point)  force. 


Fig.  2.  Radiation  patterns  for  P  and  S 
waves  in  the  faulting  of  steel  (a)  and 
plexiglass  (b)  blocks  along  contacts  10 
and  40  mm  long. 


The  dependence  ol  the  radiation  of  the  above-mentioned  source  on  azimuth 
can  be  expressed  in  the  form  A  sin  2a  +n  s in  ( a  +  0  )  and  A  =  cos 
^  ns  cos  (*^  )*  where  n  and  n^  are  the  Ratios  of  maximum 
amplitudes  of  radiation  of  P  and  S  waves  from  different  simple  sources. 
From  the  experimental  data  it  was  found  that  n  =*  n  ,  with  n  ranging 
from  0.  05  to  0.  53.  P  s 

I'll*-’  faulting  mechanism  lor  blocks  along  (he  fracture  is  analyzed 
and  1  lie  propagation  velocities  of  the  first  motion  alo.n  ‘he  fracture  and 
the  magnitude  of  total  dislocation  are  evaluated. 
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1  lie  ratio  ol  seismic -wave  energy  and  energy  released  at  the 
focus  has  been  calculated.  It  was  found  that  the  P  and  S  wave  energy 
amounts  approximately  to  0.  12%  of  the  total  energy  in  the  focus, 
released  by  the  rupture  and  displacement  ol  the  block. 


Sedova,  Ye.  N.  Study  of  discontinuities  in  the 
crust  and  upper  mantle,  based  on  the  dynamic 
characteristics  of  distant  earthquake” 

IN:  AN  SSSR.  Institut  fiziki  Zemli.  Eksperi- 
mental'naya  seysinologiya  (Experimental 
seismology).  Moskva,  Izd-vo  Nauka,  1971, 
97-107. 


Discontinuities  in  the  Earth's  crust  and  upper  mantle  beneath 
northern  Tien  Shan  have  been  located  using  the  dynamic  characteristics 
of  seismic  waves  generated  by  distant  earthquakes.  These  discontinui¬ 
ties  are  defined  as  zones  of  anomalous  attenuation  of  seismic  wave 
energy  having  a  shadow  effect  on  seismic  waves  arriving  from  certain 
azimuthal  directions. 

Observational  data  on  89  distant  earthquakes  (M  ^  5.75,  epi- 
central  distances  A  =  5000  -  10,000  km,  normal  focal  depths) 
recorded  by  northern  Tien  Shan  seisir.ographic  stations  from  1962 
to  1966  have  been  analyzed.  A  composite  ampli'ude/epicentral 
azimuth  curve  A(y>)  which  is  characteristic  for  the  entire  region 
was  constructed.  Individual  amplitude/azimuth  curves  were  construc¬ 
ted  for  each  station  from  observed  maximum  amplitudes  normalized 
by  average  earthquake  magnitude  m  6.  7  and  epicentral  distance 
6500  km  and  local  conditions  at  the  station. 

Each  individual  curve  was  compared  with  tin*  average  and  zones 
of  anomalous  attenuation  of  seismic  energy  were  identified.  On  the 
basis  of  the  geometry  of  seismic  rays,  discontinuities  were  identified 
in  the  20- -200  km  depth  range.  This  was  based  on  the  following 
assumptions:  discontinuities  no  smaller  than  the  central  Fresnel 
zone,  located  on  the  path  of  seismic  rays,  affect  them  the  most;  the 
velocity  of  compress  tonal  waves  in  the  50  km  thick  crust  is  6.0  m/sec, 
in  the  upper  mantle,  8.0  km/sec  ;  angles  of  emergence  are  23°  and  28° 
at  the  observation  station  and  the  M  discontinuity,  respectively.  The 
discontinuities  are  determined  in  terms  of  minimum  cross  section 
at  different  depths  (60,  100,  200  kni)  for  each  observation  station. 

Sections  along  four  profiles  with  delineated  discontinuities  are 
shown  in  Figure  1. 
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Fig.  1.  Vertical  sections  through  regions  of 
anomalous  attenuation. 

A  -  Stations;  B  -  high  attenuation;  C  -  low  attenuation 
1  -  Boamskoye  Pass;  2  -  Kurmenty;  3  -  Orto-Merke; 

4  -  Chilik;  5  -  Charyn;  6  -  Fabrichnaya;  7  -  Talgar; 

8  -  "E"  (sic  -  unspecified  station,  probably  Narynkol); 

9  -  Hi;  10  -  Rybach'ye.  Roman  numerals  indicate 
individual  profiles. 


Zones  at  low  and  high  absorption  were  compared  with  macro- 
seismic  data  on  the  1887  Vernen,  the  1911  Keinin,  and  the  1889 
Chilik  earthquakes.  It  was  found  that  plmstoseists  for  the  three  earth¬ 
quakes  coincide  with  the  deduced  /.ones  of  low  attenuation.  It  was  con¬ 
cluded  that  regions  of  anomalous  attenuation  in  the  Earth's  ^rust  and 
upper  mantle  extend  up  to  the  diurnal  surface. 

The  above  results  were  compared  with  the  results  of  the  study  of 
nearby  earthquakes  (Antonova  L,.  V.  Study  of  the  field  of  dynamic  charac¬ 
teristics  of  ground  motion.  Eksperimental'naya  seysmologiya,  1971, 
107-112)  in  the  same  region.  It  was  found  that  the  results  obtained 
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from  the  distant  earthquake  study  are  confirmed  by  the  results  of  the 
study  of  nearby  earthquakes.  It  is  concluded  that  possibilities  exist  for 
the  detection  of  zones  of  anomalous  attenuation  of  seismic  waves,  based 
on  the  amplitude  characteristics  of  distant  earthquakes. 


Antonova,  L.  V.  Study  of  the  field  of  the  dynamic 
characteristics  of  ground  motion.  IN:  AN  SSSR 
Institut  fiziki  Zemli.  Eksperimental 'naya  scys- 
mologiya  (Experimental  seismology), Moskva, 

Izd-vo  Nauka,  1971,  107-112. 

It  has  been  assumed  that  the  dynamic  characteristics  of  seismic 
waves  can  be  a  criterion  for  determining  inhomogeneities  of  the  Earth’s 
crust  and  upper  mantle.  The  dynamic  characteristics  of  compres sional 
Pg  and  shear  Lg  waves  generated  in  the  Earth’s  crust  and  compres s ional 
n  and  shear  Sn  waves  generated  in  the  upper  mantle  have  been  consid¬ 
ered.  In  the  study,  40  seismograms  of  nearby  earthquakes  (K  =  9  7-14 
epicentral  distances  250  -  1000  km)  recorded  at  12  seismograph  stations’ 
ocated  in  the  northern  Tien  Shan  region  are  analyzed,  and  the  foci  of 
the  earthquakes  were  in  the  crust  in  northern  Tien  Shan  and  its  adjacent 

Po  nr  c  J 


Amplitude  distance  curves  for  individual  seismograph  stations 
previously  normalized  by  energy  level  (reduced  to  K  =  11),  were  used 
for  constructing  composite  curves  for  P  ,  L„,  P„,  S_  waves  corres¬ 
ponding  to  the  entire  northern  Tien  Shan  region.  In  the  same  manner, 
amplitude  distance  curves  corresponding  to  the  southwestern,  southern, 
nort  eastern,  north  -  no -theaste rn  and  northern  groups  of  earthquake  foci 
have  been  constructed  and  analyzed.  The  deviation  in  amplitude  between 
the  individual  and  average  values  (1.0  -  l.S,  0.5,  0.2  for  P  p  ,  and  S 
waves,  respectively),  obviously  associated  with  structural  features  of 
the  Earth's  crust  and  upper  mantle,  has  been  noted.  It  was  found  that, 
tor  the  northern  Tien  Shan  region,  dynamic  characteristics  are  influenced 
mainly  by  the  relief  oi  the  Mohorovicic  discontinuity  and  upper  mantle 
structure,  rather  than  by  crustal  structure. 

* 

In  order  to  study  .‘.true  ural  features  of  the  medium  near  the 
seismographic  station,  the  fie  d  of  dynamic  characteristics  was  analyzed. 
It  was  found  to  be  inhomogeneous  for  all  seismic  waves.  It  is  concluded 
that  the  possibilities  of  using  dynamic  characteristics  for  the  study  of 
structural  inhomogeneities  of  the  Earth'u  crust  and  upper  mantle  is 
justified. 
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Artem'yev,  M.  Ye.  The  relationship  of  the  dis¬ 
ruption  of  isostatic  equilibrium  to  seismicity. 

IN:  AN  SSSR.  Institut  fiziki  Zemli.  eTs"^7T- 
mental  'naya  seysmologiya  (Experimental  seismol¬ 
ogy).  Moskva,  Izd-vo  Nauka,  1971.  322-333. 

of  the  Jo  haS  lTen  ShOWnfthat  isoslat^  equilibrium,  after  discontinuance 
tne  action  of  causil.ve  forces,  is  reestablished  almost  instantly  in  a 
g  logic  time  scale.  Thus,  the  numerous  disturbances  of  isostatic 
equilibrium  observed  on  the  Earth's  surface  give  evidence  of  the  strong 
forces  acting  ,n  recent  times  in  the  Earth's  interior.  The  relationship 
of  gravitational  isostatic  anomalies  and  seismicity  is  discussed,  and 
was  found  that  disturbances  of  isostatic  equilibrium  arc  an  indicator 
f  tectonic  activity  There  exist  some  uniformities  ,n  the  distribution 
isostatic  anomalies  and  the  distribution  of  earthquake  foci.  It  is 
suggested  that  data  on  isostasy  can  be  used  as  a  criterion  in  the 
determination  of  earthquake  origin,  as  well  as  in  seismotectonic 


Pavlov,  V.  D  Dynamics  of  ground  motion  on  the  slopes 
aLa..  canyon.  IN:  AN  SSSR.  Institut  fizikiTemli.  Eksperi- 
-nental  'naya  seysmologiya  (Experimental  seismology). 
Moskva,  Izd-vo  Nauka,  1971,  118-125. 


The  dynamic  characteristics  of  ground  motion  from  nearby 

anl  vzed  Th°  UXP,°S1°nS  °bserv«»  ia  ^e  Naryn  river  canyon  have  been 
analyzed.  Three  components  of  motion  were  measured  at  points  located 

that  n  Cany°n  h°Um"  aml  al  vari°us  heights  on  its  slopes.  It  was  found 
that  motion  amplitudes  observed  on  the  slope  increase  relative  to  the 

amplitudes  at  the  bottom  by  a  factor  l.  9  -  3,  with  the  amplitude  increase 

the  an  lnr/7re  |,rono,,ncod  *s  t,le  increases.  The  magnitude  of 

the  amplitude  increase  varies  with  the  direction  of  the  seismic  ray 

arnval.  A  frequency  resonance  occurs  at  2.  5  liz  for  the  motion  component 
ransverse  to  the  slope  and  at  1.  7  and  5.0  Hz  for  the  component  parallel 
o  the  slopes.  A  distortion  ,n  the  motions  of  the  two  slopes,  increasing 
with  time,  was  found.  Relative  motions  of  the  two  slopes  exceed  the 
motion  in  the  incident  wave  by  a  factor  of  2.  5. 
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Zapol'skiy  K.  K..  Solov'eva.  R.  P.  Spectral  rtaracter- 
pMhg  strong  Alaska  r  ,  rf till  inke  of  28  M,„  l,  iqi.g 
M.d  us  aftershocks.  |N:  AN  SSSR.  Institut  fiaiki  Zen, li 

z:\s,T£%?  — ' 

the  P  wave  f-eneration  process,  have  been  studio, I  L  RS  of 

P«!od  %  tr-  3^;;:  {"“*”«*  - 

.  r«,u.„cv..., oo.lv.  seismic  Gordin**. ^ 

fX:^1:™^;  r:#-’- 11  ■» 

A  C°nf;dered  as  a  lhreo  dimensional  function  A  Au“  iTwhc^c 
Ume  on  id"  °'Cma,i°0  >•>.  Period,  aj  '  *  e 

he  form  of  I/tTsT'"'  ""IT*'  -  Presented  in 

f  A/T  ,sol,nos  »»  the  tin, e/period  plane,  with  t  =  const 
ections  representing  instantaneous  spectra  and  ’]  ^  const  -  r 
representing  envelopes  of  individual  channels.  ^  10nS 

In  order  to  evaluate  the  build-up  time  r  of  (A/T\ 

:z^s  ,ur  z ma,n 

for  M  =  5  to  di  .  50 Tec  for M  u’T  from  1  -  3  sec 

spectrum  of  a  sir,,,,,;  earthquake  varies  w'ilh  lime'  As' far  a^v 
eSspUmedr“s<a“Trn0<''  fiV”  “'ff0rC"'  '*•>“*  ~«e  foun.lt  Ihi.  be^'  " 

that  the  stronger  the  earthquake,  the 'tower' tm  oirj pTditto 

ZelZTZTuT  y°r  kC"  W“"  MPV  >  7'  -He  magnl^ 

does  not  reach  its  maximum  in  the  recorded  frequency  ran«e. 

curves  ^t“W‘7  "““»">  «  -as  determined  by  con, paring 

T  fro,,,  o  1  to  0  -  u  (°r  4  °-°01-  °-003'  °05-  0.  01  and 

, Dents  , o  00?  0  mu  W  “'W.ri"«n'«'  sPmra.  Attenuation  decre¬ 
et.  0.002-0.  00a  were  obtamed  for  the  majority  of  earthquakes. 
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Pavlova,  I.  N.  Dynamic  characteristics  of  the  Aleutian 
earthquake  of  4  February  1965  and  its  aftershocks  fro^^T" 
se^mo^rams  recorded  by  freqnencv-selern»n  seismic 
systems.  IN:  AN  SSSR.  Institut  fiziki  Zemli.  Kksperi- 
mental  'naya  seysmologiya  (Experimental  seismology). 

Moskva,  Izd-vo  Nauka,  i*> 71,  163-179. 

Spectral  analysis  of  the  4  February  1965  Aleutian  earthquake  and 
its  aftershocks  has  been  performed.  Data  on  earthquakes  analyzed 
correspond, ng  to  a  650  x  200  km  ep, central  reg,on  are  given  in  tabular 
form.  Seismograms  were  recorded  by  three  frequency- selective 
seismic  systems  --  the  Moskva-1  and  Sochi  stations  (in  the  0.8-15  sec 
period  range)  and  Moskva-2  (in  the  0.  25  -  5  sec  range).  The  quality 
and  wave  field  of  seismograms,  as  well  as  dependence  of  Juration  and 
amplitudes  of  P  and  S  waves  on  earthquake  magnitude,  are  discussed. 
Amplitude  spectra  for  P  and  S  waves  were  obtained  in  two  ways:  by 
observing  maximum  amplitude  of  a  wave  group  simultaneously  on  all 
frequency  channels  (instantaneous  spectra),  and  by  observing  amplitudes 
and  periods  of  a  wave  group  (for  different  phases  of  P  wave  also) 
through  each  3 -second  interval  along  the  individual  seismograms. 
Amplitude  spectra  for  surface  waves  were  obta-ned  by  observing  ampli¬ 
tude  and  periods  in  the  17  -  50  min  interval  (relative  to  onset  time). 

The  following  conclusions  have  been  reached: 


1.  With  an  increase  of  earthquake  energy,  not  only  the  ampli¬ 
tudes  and  periods  of  P  waves  increase,  but  also  the  duration  of  this 
wave  group  and  the  "arrival  time"  of  maximum  phase. 

2.  The  total  recording  duration  is  considerably  smaller  for 
periods  less  than  0.  5  sec  than  for  periods  exceeding  1  sec. 

3.  Spectral  composition  of  compres s ional  waves  is  basically 
determined  by  earthquake  magnitude  and  the  location  of  the  hypocenter. 

4.  Variations  of  P  and  S  wave  amplitudes  with  magnitude  are 
restricted  to  within  about  three  ordeis  of  magnitude. 
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5.  S  wave  spectra  have  more  long-period  ,  ^ 
compared  to  P  waves.  Periods  slmrter  than  3  Tec  °  P°S,“0n  as 

L  are  n°t  recorded. 

as/ap  x  rlra  aie  roiativ<!‘v  narrow  -“•«*  -h  4iog 

7.  The  increase  of  earthquake  enrr»e 
affect  the  spectral  composition  of  the  main  phase  of  sTrUce^avel^ 

Tregub,  F.  S.  Analysis  of  seismic  wave  field  anri 

^elocity  model  oTthe  Earth's  cra7r~Tl^r-Tl~^~a 

Institut  fiziki  Zemli.  Eksperiniemal  Xa  S  SR‘ 

(Experimental  seismology).  Moskva  l!d  Seyamol°8iya 
1971,  217-239.  Moskva,  I^d-vo  Nauka, 

In  order  to  study  the  seismic  wave  field  . 
seismograms  obtained  by  deeo  seismic  .  .  8reat  number  of 

profiles,  on  land  as  well  at  sea  have  hee  (DSS)  al°ng  different 

profiles,  , he  wave  groups  id.“mod L” l  All  DSS 

m.es^aa^fheir  .asumed  nature  ha’ve  ^eaTa'bX'eTVavX^"'1" ' 

^ditic  uy„:^r 

The  cau.es  of  contradictions  between  the  results  o  Th 
study  obtained  by  DSS  and  seismoloeical  method.  !.CrUStal  structure 
the  basis  of  the  wave  field  analysts  a  hvo  dlscussed-  On 

the  Earth's  crust  is  proposed,  ^t  was  fo^  h  ®tlCal  velocity  model  of 
between  observational  data  of  DSS  and  "  at  the  °nly  discrepancy 
character  of  the  first  arrivals .  T*1  lS  in  th" 

m  the  dynamic  range  of  sources  of  ground  mo^orTT  ^  dlfferences 
results  are,  however,  due  to  rather  different  appro*  t0ntradictor Y 
pretation  of  observational  data.  Wave  fl  aPPr°aches  to  the  inter¬ 
following  results  and  conclusions.  '  ^  ySlS  has  yie,ded  the 

!•  Continuously  refracted  po  ■ 

a.  distances  of  80-  100  km  and  are  not  r.“ *" 

to  a  shadow  zone  caused  by  a  low-velocitv  la  explained  as  due 

crust.  If  the  P°  wave  group  is  divided  into  W‘,th‘n  ,hf!  c°nsolidated 

apparent  velocities  slowly  increase ;le'rh,"dlVld'ial  — •  their 

distances  and  a  long  interval  of  interference  httween"^*  IOngCr 

waves  occurs.  Detween  P  and  P*  group 
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2.  Waves  of  the  P*j  and  groups  are  reflected  and  reflected/ 

continuously  refracted.  If  the  existence  of  a  waveguide  is  assumed,  then 
P*j  group  waves  can  be  assumed  as  reflected  from  the  uppermost  part 
of  the  waveguide  and  P* ^  reflected  from  the  axis  of  the  waveguide. 

Waves  of  the  P^j  group  change  from  reflected  to  reflected/continuously 
refracted  as  the  distance  increases,  with  the  apparent  velocity  gradually 
increasing  up  to  6.  8  -  7.0  km/sec.  This  indicates  that  the  transition 
from  the  waveguide  to  the  bottom  of  the  crust  is  a  thin  layer,  i.  e.  ,  the 
velocity  gradient  is  relatively  high  at  that  depth  interval. 

3.  The  Mohorovicic  discontinuity  is  a  transition  layer  with  a 
thickness  comparable  to  the  wave  length,  thus  explaining  the  attenuation 
characteristics  of  the  P^  wave  group. 

4.  Average  velocity  in  the  crust  is  6.  0  -  6.2  km/sec,  which 
implies  the  existence  of  a  thin  layer  with  a  sharply  increased  velocity 
gradient  below  the  waveguide  axis. 

A  velocity  model  for  the  continental  Earth's  crust  as  shown  in 
Figure  1  is  proposed. 


t,  sec 


Fig.  1.  Proposed  mean  velocity  model  of 
the  continental  crust  and  themetical  time- 
distance  curves  for  principal  wave  groups. 
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Ponomarev,  V.  S.  Elastic  energy  of  rocks  and  seis- 
inicit*.  IN:  ANSSSR.  Institut  fizikTTTT,— Eksperi- 
mental  'naya  seysmologiya  (Experimental  seismology). 
Moskva,  Izd-vo  Nauka,  1971,  75-87. 


It  is  proposed  that  hydrostatic  compression  plays  an  important 
role  in  the  accumulation  of  potential  elastic-deformation  energy  in 
crustal  material,  which  may  be  released  by  seismic  activity.  The 
equilibrium  field  of  elastic  energy  in  rocks,  and  its  disruption  due 
to  hydrostatic  unloading,  are  discussed.  In  the  process  of  denudation 
of  terra  n,  which  is  regarded  as  hydrostatic  unloading  of  rocks, 
redistribution  of  stresses  is  non-elastic.  As  a  result  of  inhomogeneities 
of  rock  microstructure,  the  equilibrium  of  the  internal  stresses  is 
unstable;  therefore,  relatively  insignificant  changes  in  loads  may  cause 
rupture  (fracture  occurring  in  the  process  of  denudation,  cleavage  in 
mining).  Similar  phenomena  occur  to  a  limited  extent  within  rock 
affected  by  an  external  system  of  forces  causing  a  fracture.  In 
addition  to  the  energy  released  due  to  external  forces,  part  of  the  energy 
of  hydrostatic  compression  is  also  released,  and  a  local  minimum  of 
energy  occurs.  The  redistribution  of  stresses  in  the  proximity  of  the 
fracture  is  non-elastic.  In  the  case  of  differentiated  dislocation  of  rock 
blocks  (formation  of  mountains),  significant  difference  of  stresses 
occurs  in  the  contact  zone  and  equilibrium  is  disrupted.  As  a  result 
the  total  force  proportional  to  the  dislocation  exceeds  the  shear  and  ’ 
tensile  strengths  of  the  materials.  Unloading  of  rocks  as  a  boundary 
process  is  discussed  and  characteristics  of  a  boundary  zone  have  been 
analyzed.  The  seismic  process  is  discussed  from  the  viewpoint  that  it 
originates  as  a  consequence  of  disturbance  of  the  equilibrium  field  of 
elastic  energy  due  to  hydrostatic  unloading.  From  this  view  point, 
explanations  are  given  for  deformation  characteristics  in  an  earthquake 
focus,  the  differing  seismicity  of  regions  with  similar  tectonic  activity, 
and  the  coincidence  of  global  epicentral  zones  with  stress  zones. 


Aptikaev,  F.  F.  Determination  of  the  energy  of  seismic 
sources.  IN:  AN  SSSR.  Institut  fhlki  Zemli.,  Eksperi- 
mental  'naya  seysmologiya  (Experimental  seismology). 
Moskva,  Izd-vo  Nauka,  1971,  59-65. 
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and  surrounding  zones  within  which  the  crustal  material  undergoes 
deformation  under  high  dynamic  stresses  has  been  developed.  The  term 
radiator  (emitter)  is  used  for  a  zone  within  which  the  elastic  moduli  are 
c  hanged.  The  seismic  energy  of  the  source  Ej  ,  is  defined  as  the  energy 
ux  t  trough  the  surface  of  radiator.  The  boundaries  between  zones  of 
source  are  determined  in  the  terms  of  a  change  of  characteristics  of 
attenuation  and  apparent  period  of  motion  with  distance  as  observed  on 
the  seismograms  of  nearby  explosions.  Graphs  showing  energy  attenu¬ 
ation  vs  distance  and  apparent  period  of  oscillations  vs  distance,  as 
o  tamed  from  explosions,  are  given  in  the  article.  Two  boundaries 
between  zones  surrounding  the  seismic  source  are  identified:  The 
radiator  boundary  Rj,  and  another  one  at  R  =  6Rr  Three  zones 
separating  the  focus  and  the  determined  boundaries  are  designated  as- 
the  inner  zone  enclosed  between  the  focus  and  radiator  boundary;  the 
intermediate  zone  enclosed  between  the  radiator  and  the  R  boundary; 
and  the  outer  zone.  The  relation  R  ~  E0-  4  is  obtained.  &  seismic 
source  model  based  on  a  circular  dislocation  model  of  the  focal 
mechanism  is  described  in  the  text,  and  a  correlation  between  seismic 
energy  E(  and  energy  class  K  (scale  used  by  the  USSR  Comprehensive 
beismie  Expedition)  is  given  in  the  form  of  a  table. 


Gal'perina,  R.  M.  Some  results  of  a  study  of  converted 
transmitted  waves,  using  the  vertical  seismic  profiling 
method.  IN:  AN  SSSR.  Institul  fiziki  Zemli.~Eksperi- 
mental  naya  seysmologiya  (Experimental  seismology). 
Moskva,  Izd-vo  Nauka,  1971,  239-254, 


Necessary  conditions  have  been  studied  surrounding  the  generation 
of  converted  transmitted  waves  at  interfaces  within  the  upper  part  of  the 
Earth  s  crust  and  their  recording,  separation,  and  identification  at  the 
diurnal  surface.  The  purpose  is  to  evaluate  the  reliability  of  the  seismic 
prospecting  and  seismological  research  methods  based  on  the  use  of  con- 
verted  transmitted  waves.  Seismograms  obtained  by  the  vertical  seismic 
profiling  method  for  a  section  up  to  1400  m  in  depth  and  shot  points  at 
0  -  30  km,  as  well  as  seismograms  recorded  by  three  component  system 

on  the  diurnal  surface  in  the  same  locality,  have  been  analyzed.  It  was 
found  that: 


1)  Sepa ration  and  tracing  ol  converted  transmitted 
dependent  upon  the  structure  of  the  upper  part  of  the  section 
the  source  and  the  detector. 


waves  are 
near  both 
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2)  Intensive  converted  transmitted  waves  are  generated  at 
sharp  interfaces  in  the  upper  part  of  the  section  at  depths  not  exceedi 
1000  -  1500  m. 


ng 


3)  The  criteria  for  correlation  of  P  and  S  waves  cannot  be 
used  confidently  for  the  determination  of  the  nature  of  converted  waves. 

On  the  basis  of  the  results  of  a  study  of  converted  waves  generated 
at  interfaces  up  to  300  m  deep,  some  assumptions  on  conditions  of  their 
generation  at  deep  interfaces  have  been  made.  The  maximum  conversion 
coefficient  for  the  Mohorovicic  and  Conrad  discontinuities  are  estimated 
to  be  0.  2.  Converted  waves  generated  at  shallow  interfaces  with  conver¬ 
sion  coefficients  exceeding  0.  3  -  0.  5  have  been  reliably  recorded,  so 
that  the  probability  for  the  generation  of  very  intensive  waves  at  deep 
interfaces  is  very  low.  These  conclusions  are  verified  by  theoretical 
calculations.  Thus,  the  reliability  of  methods  for  the  study  of  deep 
crustal  structure  based  on  converted  waves  has  been  questioned. 

Momaklov,  F.  N.  On  the  organisation  of  earthquake 
pr_e_dicti0iLresearch.  IN:  AN  SSSR.  Institut  fiziki 
Zemli.  Eksper imental  'naya  seysmologiya 
(Experimental  seismology).  Moskva,  Izd-vo  Nauka 
1971,  407-415. 


Experiences  of  Soviet  and  non-Soviet  scientists  in  the  study  of 
possible  effects  preceding  strong  earthquakes  have  been  reviewed,  their 
prospects  in  earthquake  prediction  discussed,  and  the  following  con¬ 
clusions  made:  The  most  prospective  precursors  of  strong  earthquakes 
are  deformation  and  tilting  of  the  Earth's  crust,  observed  on  its  surface 
and  variation  of  the  main  geomagnetic  field.  Encouraging  indicators  are 
geoacoustic  noise,  changes  in  the  ground  water  constituents  and,  perhaps 
microforeshocks.  All  research  efforts  at  this  moment  should  be  concen-’ 
trated  on  these  effects.  Observations  should  be  made  in  epicentral  zones 
and  immediately  after  a  strong  earthquake. 
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Drobyshev,  Yu.  P. ,  J.  p.  u-bedcva.  Anatv.i. 

seismologtcal  data  by  methods  nr  classification  ,1, 

IN*  am  cccd  j - - — —  tass mcation  theory. 

Inst-tutfizikiZemii:  Eksperimental 
seysmoloe.ya  (Experimental  seismology). 

Moskva,  Izd-vo  Nauka,  1971,  403-407.  ’ 
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1)  Selecting  the  description  of  the  state  of  the  seismic  regime. 
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Simbireva,  I.  G.  Focal  mechanism  of  weak  earthquakes 
in  the  Naryn  River  basin.  IN:  AN  SSSR.  Institut  fiziki 
Zemli.  Eksper imentai  'naya  seysmologiya  (Experimental 
seismology).  Moskva,  Izd-vo  Nauka,  1971,  360-375. 

The  focal  mechanism  of  weak  earthquakes  in  the  Naryn  River 
basin  has  been  determined  using  Vvedenskaya's  dislocation  model. 

The  distribution  of  dislocation  vectors  in  two  possible  fault  planes 
and  stress  axes  in  the  foci  of  v/eak  earthquakes  has  been  analyzed,  as 
well  as  its  relationship  to  strong  earthquakes  occurring  in  the  same 
region.  Observational  data  on  286  earthquakes  with  energy  class  K 
7  -  10  in  1965  -  1967  have  been  used.  Determination  of  two  possible 
fault  planes  with  their  dislocation  sign  are  shown  in  the  form  of  tables 
and  maps.  The  fault  planes  in  the  region  are  characterized  by  dip  angles 
of  45  -  65°  and  uniformly  distributed  dip  azimuths.  The  zones  of  sub¬ 

sidence  are  identified  with  respect  to  the  hanging  wall  of  two  possible 
fault  planes. 

Determinations  of  the  orientation  of  compressive,  tensile  and 
intermediate  stresses  are  summarized  in  the  form  of  tables,  maps,  and 
azimuthal  histograms.  It  was  found  that  within  zones  having  Ihe  same 
motion  sign,  the  system  of  stresses  is  fairly  uniform  and  differs  from 
that  within  zones  of  opposite  sign.  An  investigation  of  the  variation 
with  time(l.  5-2  months  prior  to  and  after  a  strong  earthquake)  of  the 
orientation  of  the  principal  stresses  in  the  foci  of  weak  earthquakes  and 
its  relation  to  stress  orientation  in  the  foci  of  strong  earthquakes  has 
been  accomplished.  The  following  conclusions  are  made: 

1)  There  exists  a  definite  regularity  in  the  orientation  of 
principal  stress  axes  and  in  the  characteristics  of  the  distribution  of  dis¬ 
locations  in  the  fault  planes  of  weak  earthquakes. 

2)  Zones  and  blocks  of  uplifting  and  downwarping  with  respect  to 
the  ban-  ing  wall  of  faults  are  identified.  A  different  orientation  of 
stress  axes  corresponds  to  these  zones. 

3)  Strong  earthquakes  are  confined  to  the  boundaries  between 
these  zones,  and  it  is  supposed  that  these  sections  are,  seismically,  the 
most  dangerous . 
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4)  A  change  of  stress  axis  orientation  prior  to  strong  earth¬ 
quake  is  veriiied.  New  orientation  occurring  1.5-2  months  prior  to  a 
strong  earthquake  coincides  with  stress  axis  orientation  in  the  focus  of 
the  latter.  It  is  suggested  that  the  change  in  orientation  can  serve  as 
a  precursor  of  a  forthcoming  strong  earthquake. 
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A.  Abstracts 

Malkin,  O,  A,,  and  A,  V,  Pyshnov.  Current  and 
initial  pressure  dependence  of  the  parameters  of  a 
high-intensity  pulsed  discharge.  TVT.  nn  q  1071 
884-889.  *  ' 

Measurements  are  described  of  a  quasistationary  dense  plasma 
created  by  a  rectangular  pulsed  electric  discharge  in  nitrogen  at  initial  pressure 

;  H  .r  and  cul;rent  density  j  =  1-6  ka/cm^.  The  experiment  was  under¬ 
taken  to  develop  a  technique  of  producing  such  a  plasma  with  controlled  parameters 
a,  a  temperature  to  hundred,  of  thousand,  of  deprees  and  near-atmo.pheric  press” 
je  plasma  was  studied  in  connection  with  the  development  of  equipment  such  as 

in  a  sfaTe'1?  l0rS’l  fh  h‘^-Power  Ught  sources  for  laser  pumping  Plasma 

in  a  state  of  local  thermodynamic  equilibrium  resulting  from  a  high-intensity 

rectangular  pulsed  discharge  acts  as  a  particularly  effective  light  source. 

ylm  rical  19  x  160  and  30  x  190  mm  quartz  tubes  were  used  for  discharge 

formation  in  a  gas  flow  across  a  gap  between  aluminum  end  electrodes  with 

centrally-positioned  5  mm  dia  apertures.  Only  axisymmetric  discharge  was 

studied,  under  conditions  described  earlier  by  the  authors  /  Sb.  Teplofizich.  svoysH 

mzkotemperaturnoy  plazmy,  1970,  156;  ZhPS,  v.  14,  1971  198-  TVT  1971  AvT/ 

up  to  1 40^»ec  length  pulses  were  used.  The  current  intensity  o"’a  lo^ec  pui'.e  ” 
luctuated  within  0.  5  -  15%,  and  pulse  rise  time  varied  within  10-1%/zsec.  The 

pu  se  trai  ing  edlge  increased  from  4^sec  at  lower  currents  to  about  \5yusec  for 
currents  above  24  ka.  ^  r 


By  use  of  high-speed  photography  and  oscilloscope  recordings  of 
current  and  potential  across  the  electrodes,  duration  of  the  quasistationary  phase 
ischarge  was  determined  in  a  first  approximation  as  the  difference  (t  -  tr) 
between  the  onset  of  vaporization  of  tube  material  and  formation  of  a  discharge 
c  annel.  A  typical  high-speed  photograph  of  a  discharge  shows  that  tv  -  tf  decrease, 
with  an  increase  in  J.  because  of  quart*  vaporization.  Quartz  vapor/in  a  19  mm 

*  U^nnPr°/Pagate  tOWard  tho  tube  axis  at  90-140  m/sec  when  pQ  =  1-10  torr  and 
up  to  500  m/sec  when  p  0.  1  torr.  The  plots  in  Fig.  .  reveal, hat  „  increases 
wi  h  an  increase  in  Po  and  a  decrease  in  J;  at  equal  averaCe  J,  ,f  also  increases 

to  uLTIT"  tube  diameter.  Metallic  discharBe  tubes  were  substituted 
tor  quartz  tubes  in  preliminary  experiments. 
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diameter-  1  ?  3  ,  a,,u  tUDe 

at  d  nf  1  ,2’3  "  ‘v  versus  j  f°r  a  19  mm  dia. 

at  P0  of  nitrogen  equal  to  0.1,  1,  and  10  mm 

19  mreTCtlVely;  4>  5'  6  -  ‘f  J  for  a 

9  mm  d  tO.  !  1,  and  l0  mm  Hg/ respectiveIy. 

»;!  ;^.Pecrrii.for  a  30  mm  dia  at  1  and  10  mm 

plasma  with  1-2%  of  traced  u^ng  Ha^nd  '  Ti  ^  meaSured  in  nitrogen 

spectra  were  recorded  by  a  rotatinc  die  f  spectral  lines.  Discharge  phase 

authors.  The  time  dependence  of  N  inrii  Spectr°chronoeraPh  developed  by  the 
discharge  phase  is  equal  to  the  differenced  Oration  of  the  stationary 

of  stationary  Ne.  Values  of  Ne  ^3 0^0%  T*  « 

Fig.  2.  a  -JO-40 /o  accuracy  are  plotted  in 


i 


Fig.  2.  Stationary  N  ll  7  a  c\  . 

T  f 3 1  ~  .  ,e  ’  I  anc)  temperature 

(3)  versus  jc  ln  nitrogen  discharge;  1  3  D  _  , 

?'  P“  10-f-Po  30,  5.Po  50  torr  (Index  30 

indicates  measurements  in  a  30  mm  dia.  tube). 
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Plasma  temperature  T  at  pQ  =  1  torr  was  calculated  from 
experimental  electrical  conductivity  a  values  at  different  jc  (Fig.  3).  Comparison 
of  the  T  versus  jc  plots  (Fig.  3)  with  an  earlier  T  =  36,000°K  value  at  pQ  =  1  torr 
and  jc  =  2.  5  ka/cm2  shows  that  T  near  the  discharge  axis  was  underestimated  by 
2#000°K.  This  was  due  to  a  predicted  underestimation  of  the  mean  ionic  charge 
Z  value  which  enters  into  the  calculation  of  T.  The  calculated  maximum  T  was 


Fig.  3.  Glow  diameter  Dc  of  discharge 
channel  in  nitrogen  (1,2),  plasma  electroconductivity 
a  (3,  4)  and  electric  field  intensity  E  (5,6)  in  the 
plasma  versus  current  and  pressure.  For  tube  of 
19  mm  dia,  the  curves  2,3,6  and  1, 4,  5  are  plotted 
for  p0  =  1  and  10  mm  Hg,  respectively. 

56,  000°K  (Fig.  2).  Temperature  estimates  from  axisymmetric  wave  velocity, 
at  jc  =  1.7  -  5  ka/cm2,  were~40,  000°K  at  pn  =  1  torr,  and  30,000  to  42,000°K 
at  p0  10  torr.  Plasma  power  density  in  the  7  to  230  kW/cm  range  was  calculated 
from  a  and  E  values. 
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Kotenko,  V.  G.  ,  and  Yu.  A.  Litvinenko.  Generation 
of  strong  pulsed  magnetic  fields  i.  solenoids  of 
bimetallic  wires.  ZhTF,  no.  1,  1972,  183-186. 


The  possibility  of  producing  a  strong  pulsed  magnetic  field  in 
solenoids  has  been  investigated  by  using  reinforced  bimetallic  wire  as  the 
winding  material.  One  bimetal  component  forms  a  highly  electrically  conductive 
part,  with  the  other  being  highly  rigid,  thus  forming  a  reinforced  winding. 
Experience  in  using  such  a  winding  is  outlined.  The  main  design  problem  is  to 
transfer  electrodynamic  stress  produced  in  the  conducting  element  to  the  more 
rigid  part.  The  degree  of  loading  of  the  rigid  part  depends  on  the  construction 
and  the  bonding  characteristics  between  the  two  component  metals.  Theoretical 
relationships  are  derived  for  determining  the  amplitude  of  magnetic  field 
corresponding  to  the  stability  limit,  and  for  the  tolerable  pulse  duration  of  the 
magnetic  field.  Computed  relationships  are  reduced  to  the  calculations  of  a 
nonreinforced  ordinary  solenoid,  i.  e.  ,  using  only  the  current-carrying  part  of 
4  *  bimetal-  so  that  the  basic  principle  can  be  applied  to  any  type  of  reinforcing 

element.  Fig.  1  shows  the  form  of  characteristic  curves  for  the  relationship* 
obtained.  r 


Fig.  1.  Design  limits  of  bimetal  winding. 
^1,2  "  magnetic  field  corresponding  to  the 
stability  limit  of  the  reinforced  solenoid; 

Hi  -  magnetic  field  corresponding  to  the  yield 
point  of  ordinary  nonreinforced  solenoid; 
x  ^2  /Si*  where  S?  -  cross-sectional  area  of 
rigid  meta]  and  Sj  -  cross-sectional  area  of 
conducting  metal;  rj  2  -  pulse  duration  of 
magnetic  field  Ilj^  and  Ti  -  pulse  duration  of 
magnetic  field  Hj  ’ 

A  1,2  r  *  1 
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,  ..  .  .  ExPeriments  were  conducted  with  a  NbZrTi  (main)  *  coDDer 

limitS  '*um-  200  a"d  . 

respectively.  At  X  =  1,  the  magnetic  field  can  be  increased  by  2  3  times  while 
pulse  deration  decrease,  by  20  times.  Results  of  experiment!  ting  Hal 

The°experimerdal^  l™  al°"8  W“h  calculaled  re8“lls  ara  tabulated  (Table  1) 
the  aooli  1  •  a8U  ^  l”  g°°d  a8re''ment  with  the  calculated  ones,  proving’ 
-•he  appl.cab.hty  of  b.metallic  wires  for  winding  materials  of  a  reinforced  soUnoit 


C  noilnp 

Caic'u 

Jation 

|  1r>; 

J  Expt 

«t.1 

CaFfu-i 

-ialiftlL 

MiS 
j'  Eicpl 

JV'a*  of 

Puisp-i 

Remarks 

N 

u.:.j 

W' 

*1 

** 

jThermal 

/destruction  of 

He 

OJ.'j 

OlT. 

’fit 

*  wires. 

! 


Table  1. 

*  cooling  of  solenoids  lower  than  liquid  hydrogen 
is  not  considered. 

**  voltage  of  condenser  battery  -  4  kv. 


From  the  experimental  and  calculated  results,  it  may  be  deduced  that  use  of 
lum.num  as  one  and  steel,  tungsten,  etc.  as  the  other  constituent  of  the  bimetallic 

fll6  Hh  d'  “  P“‘°  °btain  3  rela‘i''e"'  >“«  ■>»»«.»  of  magne  ic 

.eld  on  the  order  of  500-600  koe.  A  further  selection  of  optimum  solenoid 

forms  may  .ncreasc  the  magnetic  field  by  an  additional  1.2-1.  5  times. 
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Kolesnikov,  P.  M.  ,  N.  S.  Kolesnikova,  and 

I.  B.  Gavris.  Inductive  acceleration  of  a  conductor 

—  Pla8rtla<  I-FZh,  v.  21,  no.  6,  1971,  1115-1116. 


-  a  a  vviin.ii 


A  brief  analysis  is  given  of  transient  e-m  procei 

0f,an  ‘■^“'“’'•ly-coupled  plasma.  The  analytical  model 
di.ch^e  ,  induct, ve  ring  which  generates  a  field  from  the  main  capacitive 

Emaations*  f  "t  '°  Wi‘h  “  a  movable  ■  >ng  which  is  accelerated  by  the  discharge 

from  which  the  trTna  "T0"  e<1Uatio"8  316  “  H™nLnless  form,  ' 

that  the  plasma  ff.  h  aC?eleratio"  P™"*-  b»  assessed.  Result,  show 
which  r,  HttlTden,  d  V  terminal  veloc“V  folatively  quickly,  and  in  a  time 
wh.Vh  „  11  ,dePen^ent  on  several  circuit  parameters.  This  is  seen  in  Fig  1 

gives  plasma  displacement  y  (r)  for  six  sets  of  dimensionless  parameters. 


Fig.  1,  Plasma  motion  in  a  ring 
accelerator;  relative  units. 


coil  CUThiesntmnwlhie-mOVing  COU  18  °f  thC  SamC  °rder  aS  in  the  fixed  discharge 
’  .  18  "?°del  18  SGen  as  useful  for  dealing  with  stratified  plasmas  where 

layers  have  different  velocities  relative  to  each  other. 


Ivanov,  Yu.  S.  ,  V.  V.  Ryukkert,  G.  V.  Sklizkov, 

and  S.  I.  Fedotov.  A  sharply-focused  source  of 

short  pulse  soft  x-radiation.  KSpF,  no.  7,  1971,  34-37. 


nn  .  Efforts  in  pulsed  x-ray  technology  have  recently  concentrated 

focal  aTa8  The' Tuth  '  *  PUlS6  Param6ter8'  8Uch  duration  and  size  of  the 
f  »  ,  authors  propose  a  method  for  obtaining  soft  x-radiation  of 

length  in  the  nanosecond  range,  by  using  the  explosive  field 

elhod  reported  by  Fursey  and  others.  The  apparatus  of  Fig.  1  is  used 
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Fig.  i.  Pulsed  x-ray  source:  1  -  coupling 
flange;  2  -  high  voltage  coax;  3  -  tungsten 
anticathode;  4  -  brass  shell;  5  -  tantalum 
cathode;  6  -  hermetic  seal. 


in  which  bremsstrahlung  from  explosive  emission  is  generated  and  emerges 

fillsw  th  beryUlUm  f°U  aPerture  ^  cathode  (5).  When  the  interelectrode  gap 
vo  t  ?f°r  Pr°ducts  fr°m  the  ^Plosion,  the  current  rises  sharply  but 

voltage  and  hence  x-radiation  fall  nearly  to  zero.  Thus  the  x-ray  pulse  length 

..  J  ^  simply  by  varying  the  needle-to-cathode  spacing.  The  nominallv 
Unear  pu.sewtdth  characteristic  obtained  is  seen  in  Fig.  2.'  The  ap“  iower 


n  i 

Fig.  2.  Pulsewidth  vs.  electrode  spacing  8. 


limit  at  4  n  s  is  misleading  since  it  results  from  the  response  limitation  of 
measuring  instruments.  The  extrapolation  shows  that  at  a  35  micron  spacing 

mitJ-Vn"  ,  f  bC  "btair,able*  °UtpUt  x-  radiation  was  evaluated  pToto 
letrually  and  found  to  have  an  effective  wavelength  ke{{  1.65  ft;  intensity 
was  determined  from  cumulative  film  darkening.  V 
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Barinov,  V.  I.  Forming  short  plasmoids. 
KSpF,  no.  6,  1971,  8-12. 


The  problem  of  detaching  a  small  portion  of  a  plasma  flow  is 
considered,  and  a  technique  is  proposed  for  doing  this.  The  method  avoids 
some  limitations  of  cited  earlier  attempts  at  similar  segregation  of  plasmoids, 
and  in  theory  will  permit  development  of  plasmoids  on  the  order  of  a  few 
centimeters  in  length  while  maintaining  an  electron  density  close  to  n  of  the 
main  plasma.  The  technique  uses  a  combination  of  a  detaching  grid  arnf  a 
magnetic  gate  ,  with  the  critical  factor  being  the  ability  to  develop  a  rectangular 
pulsed  magnetic  field  from  a  current  ~10  ka  and  ~0.  l/«ec  rise  time,  coincident 
with  the  leading  portion  of  the  main  plasma.  A  negative  potential  on  the  order 
of  a  few  tens  of  volts  is  simultaneously  applied  to  the  grid,  acting  to  drain 
excess  ion  current  off  and  avoid  breakdown  in  the  plasmoid.  Fig.  1  gives  a 


Fig.  1.  Plasmoid  generator. 

1  -  plasma  injector  with  plexiglas  face; 

2  -  dielectric  diaphragm,  2  cm  aperture; 

3  -  magnetic  gate;  4  -  copper  diaphragm  with 
3  cm  dia.  isolation  grid,  0.03  mm  mesh; 

5  -  shielded  probe;  f>  -  vacuum  vessel,  10“^  torr; 
7  -  blocking  oscillator  pulse  generator;  8,  9  - 
detail  of  magnetic  gate. 
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schematic  of  the  system  developed.  Grid  voltage  was  variable  from 
10--100  V  at  16^s  duration;  the  magnetic  field  attained  1  kgs  with  a  rise 
time  of  about  0.  3/^s,  generated  by  a  2  kv,  5  ka  capacitive  source.  The 
relative  effect  of  the  trapping  action  can  be  seen  in  the  synchronized  I  waveforr 
of  Fig.  2.  Results  show  that  plasmoids  3  cm  long  x  cm  dia.  can  thus  be 


Fig.  2.  Waveforms  of  plasmoid  generator, 
a  -  probe  signal  with  trap  not  energized; 
b  -  probe  signal  with  blocking  oscillator  pulse 
applied  to  grid;  c  -  blocking  oscillator  pulse; 
d  -  probe  signal  with  gate  and  grid  energized; 
e  -  magnetic  field  pulse. 


picked  off,  retaining  a  density 
parent  plasma. 


1 0 1 1  / c m ^  from  an  initial  10^/cm^  in  the 
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5.  Material  Science 


A.  Abstracts 


Polyakov,  L.  M.  Effect  of  uniform  pressure 

on  the  plasticity  of  rock  salt  crystals.  UFZh,  v.  17, 

no.  2,  1972,  210-217, 


Results  are  described  of  tests  on  the  effects  of  uniform  pressure 
on  plastic  deformation  of  rock  salt  crystals.  The  tests  correlated  pressure 
with  the  appearance  of  defects  affecting  dispersion  and  deflection  of  light,  and 
also  with  threshold  and  type  of  crystal  destruction.  An  experiment  was  conducted 
with  natural  optically  homogeneous  rock  salt  crystals  of  6  x  6  x  12  mm.  Measure¬ 
ments  of  the  intensity  of  light  dispersion,  i,  corresponding  to  the  plastic  deformation 
at  given  values  of  uniform  pressure  showed  a  peculiar  process  of  destruction 
of  NaCl  crystals.  In  the  beginning  stage  deformation  takes  place  without  a 
significant  change  in  Light  dispers ionjthen  at  some  deformation  «lp  intensity 
starts  increasing  and  at  some  further  de  formation  t ,  »  the  i(  t  )p  curve  reaches 
a  saturation  region,  which  finally  concludes  in  the  ultimate  destruction  of  the 
crystal  specimen  at  deformation  ej  .  The  relationship  between  intensity  of  light 
dispersion  and  extent  of  deformation  is  shown  in  Fig.  1.  With  increase  in  uniform 


Fig.  1.  Relationship  between  intensity  of 
light  dispersion,  i  and  deformation  stage 
1-0;  2  -  500  kg/cm2;  3  -  1000  kg/cm  ; 
6  -  5000  kg/cm2. 


pressure,  the  intensity  of  light  dispersion  decreases,  and  its  distribution  in  the 
crystal  becomes  homogeneous.  The  appearance  of  light  dispersion  coincides 
with  the  formation  of  crystal  defects,  dimensions  of  which  are  significantly  less 
than  the  wavelength  of  light  (c»  250  -  350  A).  In  the  case  of  a  uniaxial  compression, 
dispersion  is  detectible  at  a  deformation  level  e  i  *  0.  65%;  if  deformed  under 
pressure  of  5000  kg/cm2,  then  deformation  increases  to  f[p  8.  9%.  Mathematic  al 
expressions  are  derived  to  determine  the  influence  of  pressure  on  plasticity  and 
the  value  of  deformation  corresponding  to  light  dispersion.  The  mechanism  of 
destruction  is  described  in  detail  and  microphotographs  are  presented. 
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6.  Miscellaneous  Interest 


A.  Abstracts 


Tyurikova,  L.  A.,  B.  G.  Averbukh,  N.  I.  Moskvitin, 
and  N.  A.  Krotova.  Study  of  the  parameters  of  r-f 
radiation  from  breakdown  of  a  polymer  bond  to  a 
solid-  DAN  SSSR,  v.  201,  no.  4,  1971  ,  833-836. 


The  relationship  of  adhesion  mechanical  properties  to  r-f  radiation 
parameters  in  film  +  steel  and  film  +  glass  bonds  was  studied  under  atmospheric 
conditions  The  films  were:  KLT  polymer  (a  mixture  of  polyethylene  terephthalate 
and  natural  ruboers),  adhesive  plaster,  cellulose  esters,  and  PVC.  An  experimental 
apparatus  was  used  to:  (1)  strip  the  polymer  film  at  a  variable  rate,  (2)  measure 
the  energy  of  adhesion  and  duration  of  film  stripping  as  well  as  emitted  r-f  pulse 
engt  .  (  )  photo  record  radio  signals;  (4)  determine  emission  frequency;  and 
5)  study  the  shape  and  estimate  the  length  of  the  r-f  pulses.  The  radiation  detector 
(  ig.  )  permitted  observation  of  pulses  with  a  rise  time  of  at  least  0.  1  sec. 


Fig.  1,  Diagram  of  radio  wave  recorder: 
1  -  antenna,  2  -  input  circuits,  3  -  mixer, 
4  -  heterodyne,  5  -  I-F,  6  -  detector, 

7  -  oscilloscope. 


Sensitivity  was  30 /N ,  transmission  band  width  was  Af  =  10  kHz,  and  the 
intermediate  frequency  was  f  =  460  kHz.  A  1  m  telescopic  antenna  was  placed 
at  a  maximum  distance  of  1.  5  m  from  the  film  separation  opening. 


Pulsed  radiation  of  a  minimum  1  MHz  frequency  was  detected  during 
stripping  of  all  of  the  films,  with  the  exception  of  cellulose  esters.  A  pulse 
was  detected  however,  during  the  instantaneous  separation  of  a  cellulose  aceto- 
utyrate  film  from  glass.  The  rate  of  stripping  consequently  is  a  definite  factor 
in  the  generation  of  r-f.  The  intensity  I  of  radiation  increases  with  an  increase 
of  discharge  current  from  the  electrical  double  layer.  This  was  confirmed  by  an 
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...  n,  aim  radiation 

TkLT  ^  HK21  Ver8US  ««H»«  »-  V  Of 

a  KLT  rubber  from  a  metal, 
experimentally  observed  increase  in 

ir  “f  - 2|-"  ^pinE 

gas  and  gas  pressure.  Electromagnetic  pbereS1StanCe  con“tant  f°r  a  given 
breakdown  generally  follow  the  same  pattern '°™»*  observed  in  adhesion 
display  certain  unique  characteristics  The  n  'n  *  ^  dischar8e,  but  also 
to  accumulation  of  a  static  charge  alone  a  Pr.e/ence  of  the  interval  T  is  related 
film;  surface  electrical  conductivity l  ,  ?"*  " M*  P°r,i°"  °f  *ha  "ripped 
dhesion  breakdown.  The  tirrw*  r)  j  us  P  ay  ari  important  part  in 

withi„  j.io  MHz  ra  e  „r  rr  JP'n  en«  <>' jediation  amplitude  remain,  uniform 
of  .mail  and  high-amplitude  pulses  revlal  th  d  "  ,nle"s“>'  °.<til,ations  in  sector! 
hlch  —  in  — - ‘ 

.tripped  regi!„n  TrVZTnToT^.l  la.  de^'  °f  -  piemen, ary 

r-f  oscillations  is  considered  to  be  the  nms,  "  be  300>-  generation  „f 

development  in  a  propagating  crack  v,s ihl  T"'1"8  Pr°°f  of  gas  discharge 

were  recorded  along  with  in  J,  “,lon  a"d  »co«a,lc  vibration! 

the  visible  and  r-f  pulses  were  synchro  •’  .f  trif>PlnB  rates  of  0.  1  .  1  cm/sec 
trace  of  rubber  film  stripping  at  l  0  1  /  “S  determi"'d  from  an  o.cilloscooe 

mechanoelectron.i1  was  also  observed  dwimTm  °.SciIlator>r  emission  of 
Hus  confirms  the  oscillatory  nature  of  the  bre!!  ,ow!“"a  b.reakrf"-"  i"  vacuum. 

breakdown  and  associated  phenomena. 
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Tsukerman,  V.  A.,  L.  V.  Tarasova,  and  S.  I.  Lobov. 
New  x-ray  sources.  UFN,  v.  103,  no.  2,  1^71 
319-337. 


.  State-of-the-art  and  applications  are  reviewed  of  x-ray  sources  as 
reported  in  Soviet  and  Western  literature  from  1953  through  1970.  Soviet  sources 
comprise  about  53%  of  the  79  references.  Flash  x-ray  sources  blsed  on  field 
emission,  exclusive  of  three-electrode  systems  ,  are  examined  initially.  M.  I. 

ehnson,  G.  N.  Shuppe,  I.  L.  Sokol'  skaya,  G.  N.  Fursey,  V.  N.  Shrednik,  and 
G  A.  Mesyats  are  cited  as  principal  Soviet  theoretical  and  experimental  investi¬ 
gators  of  field  emission.  Yelinson  has  dealt  with  the  technical  problems  of 
achieving  stable  field  emission,  and  the  causes  of  a  decrease  in  breakdown  voltage. 
Fursey  is  studying  the  breakdown  mechanism  in  an  ultra-high  vacuum.  In 
contrast  with  American  x-ray  tubes,  Soviet  tubes  were  designed  for  emission 

°  "  ,  t0rr  residual  &as  Pressure  and  have  featured  a  tapered  edge  tubular 

■at,ho°foeuania  needle-shaPed  anode.  Development  of  such  devices  was  started 
in  1948  by  Tsukerman  and  Manakova  and  continued  by  Zyuzin,  Tarasov,  and  others. 
The  former  researchers  developed  a  technique  of  2  to  8  successive  x-ray 
recordings  of  a  hypervelocity  event  (e.  g.  ,  an  explosion)  at  predetermined  time 
intervals.  They  as  well  as  other  researchers  later  used  field-emission  tubes  in 
x-ray  structural  analysis.  Soviot-developed  type  IRA  devices  manufactured  in 

Th"lnh!  fU8Gd  PrimaTily  for  x-ray  flaw  detection  in  inaccessible  locations. 

The  charactenstics  of  a  recent  model  IRA-2D  device  are  given  in  Table  1  along 

volta"  Ph0  0rrPhlC  V^W*  ^  IRA'2D  U8eS  3  Pul8e  transformer  to  produce  high 
voltage  and  delivers  5  pulses/sec.  Fifty  flashes  (10  sec  exposure)  are  required 

or  x-ray  metallography  of  20  m  n  thick  steel  at  a  distance  of  100  cm  from  the 

dm.  more  advanced  RING  generator  of  nanosecond  x-ray  flashes  was 

eve  ofie  y  N.  V.  Belkin,  E.  A.  Avilov,  and  V.  I.  Kolesov  using  a  miniature 

Ian0™!  >nX’r4n  tube  anal°g°us  to  the  Fexitron.  Photographs  of  a  portable 
(140  x  100  x  60  mm3)  ring  generator  and  a  miniature  x-ray  tube  are  given. 

.  t  ri  •  ^  °!ne“t0ra  °f  hish-intensity  hard  ---ray  bremsstrahlung  flashes  are 

treated  in  detad  These  are  used  for  material  analysis  and  generation  of  power¬ 
ful  relativistic  electron  beams.  In  a  1967  model,  Zelenskiy,  Zavada,  et  al 
incorporated  two  synchronized  Marks  capacitor  impulsed  circuits  to  reduce 
discharge  circuit  inductance  (Table  2). 

A  1969  model  RIIJ5-5  resonance  pulse  accelerator  (Fig,  1) 
incorporates  a  discharger  to  increase  the  high-voltage  pulse  rise  rate  to  lO1^  .  i015 
v/sec  versus  2  x  10  v/sec  in  the  earlier  model.  A  1970  generator  of  short 
x-ray  flashes,  developed  by  Pecherskiy  et  al,  features  a  water  reservoir  insulator 
o  reduce  generator  dimensions  and  internal  resistance.  This  generator  is  based 
on  liquid  dielectrics  research  results  obtained  by  Kulikov  et  al,  and  Mesyats  and 

Vorob  yev.  The  generator  stores  30  kj  at  3  Mv  potential  in  a  small  (100  cm  dia  x 
50  cm)  water-dielectric  capacitor. 
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Country 

Name  of 

,  •  1 
device, 

company  1 

—  • 

F’otential 

KV 

Current 

amp 

X-ray 

flash 

length, 

nsec. 

Dia.  of 
focal  pt 
mm 

1  Max  no. 

1  of  switch¬ 
ings 

Weight 

kg 

USA 

Fexitron, 
model  846) 

-2  (Field 
Emission 
Corp) 

100-150 

60 

1,8 

104 

25 

USSR 

IRA-2D, 
"Burevest- 
nik"  plant  j 

300 

100-200 

100-200 

2 

2-  104 

25 

Eng 

V  1 

X-ray 

generator 

of  Hivotro- 

150 

1000 

50 

- 

11,3 

•  i 

nic 

p 

USSR 

I 

RING 

1 

i 

150 

700 

— _ L 

8 

3 

2-  105 

1,4 

Table  1,  Characteristics  of  various 
portable  flash  x-ray  devices. 


Fig.  1.  Cross-section  of  a  RIUS-5 
hard  x-ray  bremsstrahlung  pulsed  source: 

1  -  steel  reservoir,  2  -  accelerator  flash  tube, 
3  -  metallic  cylinder,  4  -  Tesla  coil,  5  - 
discharge  gap,  K  -  input  terminal  from 
capacitor  battery  source. 
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Country 

Author 

and 

model 

High- 

voltage 

source 

Stored 

energy, 

kj 

i 

Poten¬ 

tial, 

Mv* 

Current 

across 

the  tube, 
ka 

Flash  x-ray 
dosage  at 

100  cm 
distance,  r 

Flash 

length, 

nsec 

Date 

USA 

Denholm 

FX-25 

Electro 

-  static 
genera¬ 
tor 

"  i 

i.7  ! 

1 

1 

1 

3,  5/2,3 

19 

2 

20 

1965 

USSR 

Zelen¬ 
skiy,  et 
al 

Marks 
capaci¬ 
tor  cir¬ 
cuit 

200  1 

1 

I 

| 

5/4 

50 

250 

500 

1967 

USSR 

Abram¬ 
yan,  et 
al,  RIUS 
-5 

Tesla  re 

aonance 

trans¬ 

former 

-5,4  ] 

! 

i 

7/4 

15 

10 

40 

1969 

USA 

Martin, 
et  al, 
"Hermes 
-2" 

Marks 
capaci¬ 
tor  cir¬ 
cuit 

1000 

1 

24/13 

200 

6800 

70 

1969 

USSR 

Pecher¬ 
skiy,  et 
al 

Mark  s 
capaci¬ 
tor  cir¬ 
cuit  wit 
HzO-re 
evoir 

30 

h 

8- 

i 

1 

3/1,5 

100 

10 

1 

60 

1970 

| 

_ 1 

Table  2,  Characteristics  of  generators 
of  high-power  hard  x-ray  bremsstrahlung 
flashes. 

*  Potential  of  the  conductor  or  idling 
generato’.  over  the  potential  across  the 
accelerator  tube  electrode  gap. 

The  generation  of  short  x-ray  flashes  by  pulsed  discharge  in  air, 
hydrogen,  and  other  gases  at  nearly  atmospheric  pressure  is  next  considered. 
Research  is  cited  done  by  Stankevich  and  Kalinin,  and  Tarasova  and  Khudyakova 
on  the  generation  of  soft  x-rays  by  an  electric  discharge  in  air,  as  well  as  by 


-124- 


Luk'yanov  et  al;  Artsimovich  et  al;  T.  I.  Filippova  et  al;  and  Agafonov 
el  al  on  high-temperature  H,  He,  and  Xe  plasma  as  a  source  of  short  flashes 
of  soft  and  hard  x-rays.  A  cylindrical  pinch  was  initially  produced,  followed 
in  later  experiments  by  a  noncylindrical  Z-pinch.  A  0.  1-1  r.  dose  of  hard 
x-rays  was  produced  by  a  100  nsec  pulse  at  a  100  cm  distance  from  the  target. 
Discharge  on  or  near  the  right  branch  of  the  Paschen  curve  is  suggested  here 
as  a  promising  method  of  x-ray  generation. 


Summaries  of  data  are  also  presented  on  the  growing  application  of 
radioactive  isotope  sources  of  characteristic  x-  and  y  -rays  of  4.  5  -  100  KeV 
intensity. 


Comments  on  future  trends  in  x-ray  sources  include  a  reference  to 
the  promising  data  reported  by  Pavlovskiy,  et  al  on  a  pulsed  nonferrous  100  MeV 
betatron  which  can  generate  bremsstrahlung  flashes  several  tens  of  nanoseconds 
long.  The  use  of  tubes  with  a  field-emission  cathode  is  preferable  however,  when 
miniature  portable  devices  are  required.  Greater  utilization  of  very  high-intensity 

lashes  of  hard  x-ray  bremsstrahlung  and  accelerated  relativistic  electrons  is 
predicted. 


Zelenskiy,  K.  F.  ,  N.  I. 
and  V.  A,  Tsukerman. 
of  short  x-ray  flashes. 


Zavada,  I.  A.  Troshkin 
High-power  pulse  generator 
PTE,  no.  4,  1969,  177-183. 


A  high-power  generator  of  hard  x-ray  flashes  for  'he  study  of  radiation 
resistance  of  materials  is  described.  The  generator  (Fig.  1)  includes  a  200  kj 
high-voltage  capacitor  and  a  metallic  discharge,  two-electrode  x-ray  tube.  An 
increase  in  apparatus  power  is  achieved  by:  1)  using  two  pulsing  circuits  of  46 
capacitor  elements  each  and  designed  for  discharge  at  5  Mv;  2)  arranging  the 
interactional  discharge  gaps  so  that  cur  ent  flows  in  opposition  through  adjacent 
capacitor  elements,  and  3)  arranging  the  capacitor  elements  to  minimize  the 
length  of  current  leads.  Discharge  circuit  inductance  was  thereby  reduced  to  12/di. 

The  x-ray  tube  in  Fig.  2  is  larger  but  otherwise  similar  to  one  that  was 
described  earlier  by  two  of  the  authors  and  Pecherskiy  /_ZhTF,  no.  9,  1968,  1581?. 
The  tube  can  sustain  voltages  up  to  4  Mv.  In  the  electrode  arrangement  of  Fig.  2a", 
an  axially  mounted  tungsten  spike  is  the  anode  and  the  tapered  edge  of  a  truncated  ’ 
cone  is  the  emission  cathode.  In  the  2b  arrangement,  a  thin  tungsten  or  tantalum 
plate,  located  in  the  immediate  vicinity  of  the  output  window,  functions  as  the 
anode.  The  2b  arrangement  enhances  production  of  high  dose  rates.  The  cylindrical 
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^'^8'  1*  C  ros  s  -  sec  tion  of  flash  x-ray 
apparatus.  A  -  anode,  K  -  cathode, 

O  -  target  specimen,  1  -  tube  current  leads, 

2  -  insulation,  3  -  inter  sectional  discharge 
gaps,  4  -  capacitor  elements,  5  -  tube 
envelope,  6  -  steel  cover  plate,  7  -  instrumentation 
compartment,  8  -  diaphragm,  9  -  disc, 

10  -  insulated  support  columns,  11  -  dielectric 
tie  rods. 
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Fig.  2.  F!  inli  x-ray  tube  cross-section: 
a  -  geometry  of  electrodes  for  positive 
high-voltage  pulses,  b  -  negative  pulse 
electrodes  ar rangernent,  1  -  grounded  tube 
envelope,  2  -  cathode,  3  -  anode,  4  -  output 
window. 


3m  high  x  1  m  O.  D.  tube  insulation  is  made  of  epoxv  resin  The  , 

envelope  is  a  steel  cvlinder  1  ■>  „  ,  oi  epoxy  resin.  The  grounded  tube 

and  a  ar.  fa.tJ.d  «Ke  U  , 

to  prevent  metal  vapor  deposition  on  insulator  walls  In  fhV  'a  re8PectlvelV' 


Trial  oscilloscope  traces  of  a  high-voltage  applied  pulse  anH 

2 

a  ,  5  flashes  were  measured  at  the  half-power  noints  v  «a 

doses  of  5JJkr  and  100  kr  were  obtained  at  distances  of  1  m  anH  ? *P  ‘  *  X"ray 
from  the  anode  in  the  Fig  2b  arranoemenf  n  ,  d  2-3  Cm’  resPectiv«ly* 

..ad  a,  1  m  trom  the  anode  watYs  "“e  2a ££  t>™lr£'T,m  ^ 

lTJXz:::r:Tlr dep,h  in  the —  »-  - 

ensity  of  the  lard  x-ray  component  of  the  flash. 
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Sokolov^  R.  N. ,  h.  A-  Kmlryavitskly,  and 
de’termi  l  later  devlm  .... 

~7mM  ^  ,l“"ril>u'l"~  -■■P.nd.— 

^ ~  In  II..,  .c_  hAlo.  n„.  9.  1971,— lQIS-lolft. 

•i«  .ii..risu,i?„v,r»oia.T„e ":r?„"f.x,rinT*iir 

winthui,  a,cr  '*■"  <*'  . . n:  i:;rrr  pr..i, 

with  it  arc  reviewed.  The  device  (Fie  in.  K,  f  CiCrlbcfl  and  data  obtained 
and  is  composed  of  a  laser  1,  a  collimator  2  »  .  °?  approximation, 

■  canning  device  4,  a  focusing  lens  5  mt /  r  rota,lnR  prism  system  3,  a 

v.  .in, I  a  cable  which  connect,  the  ...hmereid  i"?"?  h-  »  P<>oton,„|,ip,,or 

root-rfer.  Sc,nnlnS  of  the  .c.t.ece,,  ..,?!*  ' ,lev,c,!  ">  »"  •nho.rtl 

*•  discretely  (Fie.  lc).  In  the  latter  iy«Vn  " the"*  °‘"?r 

ystem,  the  scanning  disc,  with 


.  *  ,  "  3cr,cmatic  diagram  of  the 

BcannV  "i  arra"Remcnt  for  continuous 
■  canning:  I  -  moving  slit,  II  .  flxCf|  8m 

Un  CCHdtinC  HdicatC8  onc  of  ^  Positions  of 
in  gliding  motion  over  H,  c  -  discretely 
■canning  disc.  reicly 


apertures  arranged  in  a  .ni„i 

greater  the  distance  from  the  optical axi^  ° '  *  diaphra*m-  The 

aperture.  1  he  beam  transmitted  through  the  th*  dlametcr  of  an 

y  C  lens  8  on  the  photomultiplier  cathode  ThJ  .*nH  diaPhragm  is  focused 

ainooe.  The  maximum  area  of  the  light 
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■pot  on  the  cathode  is  3  x  0,  5  mm.  The  photomultiplier  signal  is  transmitted 
by  cable  to  an  oscilloscope  on  board  a  research  vessel.  The  length  of  a  single 
pulse  in  the  continuous  sweep  mode  is  25  msec  and  the  total  length  of  18  pulses 
in  a  discrete  sweep  is  300  msec.  Scattered  light  intensity  I  was  measured  at  an 
an/'lc  0  =  0.01  -  0.  15  rad,  with  a  resolution  better  than  10"4  rad.  The  sensitivity 
of  this  method  is  sufficient  to  detect  several  5  micron  particles  in  a  6.  5  x  6.  5  x  180 
mm  volume.  The  submerged  part  of  the  device  is  enclosed  in  a  hermetically 
sealed  container  designed  to  withstand  a  20  atm  maximum  external  pressure. 

The  particle  size  distribution  function  was  calculated  from 

to 

/(u)ci«  f  _(0V)f(ci0) </(), 

J  i/0 

• 

where  a  w  D/  \  ,  D  -  particle  diameter,  X=  0.6328  ,  and  C  is  a  constant.  The 
error  due  to  small  angle  approximation  was  within  +  C/2  an  limits.  The 
magnitude  of  $(0)  =  d/d  0(0^1)  was  analyzed  each  time  and  those  values  introducing 
a  large  error  were  discarded. 

The  device  was  teated  in  May  1970  in  the  Black  Sea  on  board  the 
research  vessel  "Kapitan  Chumakov".  The  scattering  phase  function  was 
determined  at  500  m,  1  km,  and  2.  5  km  distances  from  the  shore,  where 
respective  water  depths  were  60,  over  400,  and  200  m.  Typical  plots  of  the 
scattering  phase  function  (I  versus  0)  are  shown  for  1.  5,  50,  and  1.  5  m  immersion 
depths  at  500  m,  1  km,  and  2.5  km  from  the  shore.  The  narrowest  scattering 
phase  function,  corresponding  to  the  least  attenuation  of  the  incident  beam,  was 
found  at  2.  5  km  from  the  shore  and  at  a  35  m  immersion  depth.  This  function 
was  therefore  adopted  as  the  null  reference  signal  in  calculations  of  particle 
size  distribution.  The  calculated  plots  of  f(o)  versus  D  (Fig.  2)  show  that  particle 
concentration  at  1  km  from  the  shore  increased  with  an  increase  in  immersion  depth. 


Fig.  2,  Size  distribution  of  particle  suspension 
in  sea  water:  1-3-1  km  from  the  shore  at  2  m  (1), 

15  m  (2)  and  50  m  (3)  depth,  4  -  500  m  from  the  shore 
at  a  2  m  depth 
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unchanged.  A  *  s  i'g  nif  i  c  a  nT  i  n  c  r  e&a  *"  ^  *  C°ncentration  remaine^  practically 
a  noticeable  attenuation  of  the  lieht  1"l’arl'c,e  concentration,  which  resulted  in 
■here  and  e,  a  55  m  in^X^  tT  “  ^  *" 


Poltautsev,  Yu.  G.  ,  V.  P.  Zakharov  and 

Of  tMn  ChTV7;  StrUCtUral  atu^ieS  Of  Cranhil  iyafinn 

: - “L carbon  films  inri»ced  by  powerful  it 

4^5-4 1 9 8~*  Kristall°Srafiya,  v.  16,  no.  2,  1971, 

amorphous  carX^^^.’,^  '''"alysiil1oJ.  *™Phitizatlon  kinetics  in  thin 

optical  source  in  this  case  was  an  I’FpType^e'non'fl’a 'm”  performed-  Th« 
voltage  a  up  to  1  7  kv  Cat-h  ri  VP  flashlamp,  operating  at 

carbon  rods  onto  cold  glass  nbrtrte'?”  ^  diffusion  of 

grid  and  exposed  to  various  energy  light  ^1^  68  then  placed  on  a  coPper 

atages  of  graphitiaation  ^r,  ob^nid*  K,„eT.  'I"  man"'r  ^ 

from  the  nearest  order  parameters,  wMch  were  detlrm^iH  "c*  S'“died 

tization  stage  from  the  radial  atomic  distribution  curves  RadUl'a^o  g.raPhi’ 

m::r„sbuoran„ceuitVo:em7cr:icuia,ed  f,rom  ,he 

“d  »v;.  D.  Nrti^T.r  SSC^i1 V‘itTs%. , 

similarity  !„  th^t"^,^  <teftot“ 

«. 

distribution  curves  the  authors  amo^hous  carbon  Aim*  and  radial  atomic 
During  the  first  graphiti/.at  ion  «.a !  followinS  graphitization  kinetics. 

wibon  b"*'1"  C'Cfhnml  nrC  <,ostr°Ved-  PredoLw^doublVand  ^pT"* 
carbon  bonds  are  formed  among  the  released  carbon  atoms  During  the 

placeeqUThteRarta,J,1itiiati0n  8t'lS°8  th*  hexa»onal  *"d  structural  ordering  takes 

on^neighbo^lnThe 

piS^feSSSS; 

dUrortion^Vtlie1  for  rnaTifm^f1  double  Carbon  l"'  CaU’e  ‘he  hegxagn°"al 
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Zaytsev,  A.V.  A  new  theory  of  ball 
lining.  ZhTF,  no.  1,  1972,  213-216. 


„  Kt-  u  TKe  aulhor  exPounda  a  theory  of  ball  lightning  formation  based 
on  pub,lshed  research  data  on  the  formation  of  extremely  fine  electroconduc.U e 

or  partly  burned  a.*h ‘"ri  f‘e'd‘  SUCH  8tPUClures  are  composed  of  fine  metallic 
a  P  ,,y  .  h  "  8001  Partlcles.  Analogous  structures  combined  with 

from  the  T",  ^  may  t0rm  8  Streak  liehlnin6  embryo.  Discharge  current 

from  the  structure  t„  a  static  earth  .  cloud  electric  field  flows  through  the 

Heht  UheheS‘SthaneCe  and  healS  “•  The  hea,ed  8fruc(ure  then  emits  visible 

s  v  suaUreiM8  th  f  PerCejVed  *'  ba"  li8h,nin«-  Tha  embryonic  ,t.  ucture 

spatunv  intlrc  !7  °,  ?  m'C'eU8  having  a  3patial  structure  with 

spatially  interconnected  chain  structures  grown  out  of  it  (see  Fig.  1),  The 


Fig.  1.  Spatial  distribution  of  ball  lightning  structures: 

1  -  spatial  network  structure  and  space  charge;  2  -  upper 
structures  and  space  charge;  3  -  lower  structures  and 
space  charge;  4  -  separate  ascending  lower  structure 
chains;  5  -  lower  discharge  boundary  of  lower  structures; 

6  -  upper  discharge  boundary  of  upper  structures  in  the 
pre-leader  discharge  phase;  7  -  leader  channel;  8  -  charges 
ascending  to  the  cloud.  * 


-131- 


this  model  aa^foH^at"0r,DiIcaharffell8htr,ing  ^  deacribed  on  the  basis  of 
upper  and  lower  T' "*"*'*'*'  <*  th. 

number  of  chains,  of  the  appropriate  length  .nU<;leus*  GlV*n  a  sufficier»t 
nucleus  is  able  to  heat  the  nude  *  gth'  the  t0tal  current  across  a 
emission.  At  *°  ‘he  po,nl  °f  **‘M*  ««•>* 

observed.  A  further  increase  in  the  nucleus  may  be 

structures  results  in  the  accumulate  t  aCr°SS  *he  uPPer  a"d  lower 
the  embryonic  structures,  which  period!  a  Slgniflcant  sPace  charge  within 
channel  of  streak  lightning  The  iPaH  C  7  forms  a  short  current  leader 

Structure.  A  series  of  short  leaders  nT  aCr°88  ,he  «"t*r.nl« 

flashes  and  erosions  of  J I  ‘V*”"-  a. 
from  a  sudden  decrease  in  structural  *  f  A  1  8  leader»  resulting 

burning,  is  perceived  as  a  strong  explorin'  a/*  ^  inBta.nt  of  Partial 
of  the  luminous  nucleus.  The  latter  ann#»  n  Wlth  the  disaPPearance 

source,  although  ,he  true  source  is  theTaH  ««■*»«",  energy 

The  leader  pumps  the  field  ener™  fr  -C  earth-cloud  electric  field, 

the  structures.  Charged  embrvon'  regl°n8  at  a  ^reat  distance  from 
fall  and  rise  from  the  ground  iT a  -  8°meti™8  alternately 

away  from  the  earth.  This  kind  of  /T*"6  bal1"  pattern  without  breakii  g 
surface,  subject  to  the  mutual  "  °'embry°  moves  only  along  the  earth-s 
attraction  by  the  cloud  In  thi/  a"cln8  forces  of  weight  and  charge 

breaking  contact  with  the  earth  iTneut’6  r °f  the  loWer  8tructure 
the  structure  falls  back  to  the  earth  untflitY  V  6iachaT*e  current; 
field.  The  predominance  of  the  charge atlLri’  ^  ***  earth“cloud 

embryonic  structure  manifest  itself^f  ..  aCtl°n  over  the  weight  of  the 
by  the  dipole  discharge  current  to  r  si  "T  ?8  Suffici-tly 

case,  the  embryo  may  be  lifted  far  from" the^rth*  ^  Streams*  In  that 

combination  of  hfgh^article^o  ' ^  1°*  baH  Hghtnine  formation  are  a 
high  temperature  Such  a 1  3  Str°ng  electric  f-ld  and 

or  soot  /articles  'is  ^  ??  t  *  ^ 

layer  of  particles  is  however  nol  a  ne  '.  8"-  THe  * 

may  form  in  an  induced  discharge channU  bv  P™:O;,di‘i0"-  Th*  Particles 
■  nation  of  carbon-containing  material  or  meLL"'  n  C°tTbUf8t‘0n  01  vaP°r- 
structures  in  this  case  is  exnlained  u  1  ’  .  Growth  o{  the  upper 

the  residual  particles  on  the  nnl  •  I  act-umulation  after  a  discharge  of 

A  strong  electric  field  created  byTcurrentbre/d^  &  StrUCture* 

particles  reestablishes  the  contact  broken  bv  the  d  ^  *  attached 

growth  of  the  structures  The  burned  ?  by  H  discharge  and  promotes 

re..  The  burned. out  spatial  structures  are  recon  - 
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beZTn  the  spatYal f  ‘  P»«iclea  by  current  breaks  generated 
the  ea«h  Th.  nai.  r  "d.  “r,h  «  “>•  instant  of  separation  from 
discharge  form  th. .  *  r'mainIne  bel°w  the  spatial  structure  after  a 

:"  'f  f°r™  lhe  >°wer  structures  and  close  the  discharge  circuit 

bv  those  T.  r°  lhC  Car‘h-  Ral1  tightning  lifetime  is  limited  only 
Which  might  be^^tf  b-i^r 
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